ater Power 


INTERNATIONAL DEVELOPMENT OF HYDRO-ELECTRIC POWER 
PRICE 2/6 MARCH 1960 
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There is a Glenfield product for almost every flow 
control or associated purpose at the Headworks, in 
the Pipelines or at the Power Station. 





Equipment for Bradwell 


All the switchgear comprising 
the main 132-kV air-blast circuit-breakers, 


6:6-kV, 3-3-kV, and 415-volt air-break 





equipment for auxiliary supplies, together 
with its associated control apparatus for 
Bradwell Nuclear Power Station is being 
supplied by Reyrolle who are responsible 
also for, the reactor control-rod heads, 
the fission-products detection equipment, 


and the machining of the graphite blocks. 


Keeyrolle specialists 


in switehgear 





and control-apparatus 


A. Reyrolle & Company Limited * Hebburn - County Durham * England 
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AT BERSIMIS 


World’s largest high head turbines 





RECORD OUTPUTS OF 200,000 h.p. DEVELOPED 


of 840 feet. This establishes a world 


At Hydro Quebec’s Bersimis-Lac 
record for hydro-electric units, being more 


Casse Development in Canada, four 


‘ENGLISH ELECTRIC’ water turbines have 
regularly supplied 520,000 kW to Quebec’s 
power system from one of the world’s 
most powerful hydro-electric stations. On 
occasions 200,000 h.p. has been developed 
from a single turbine under a net head 


than 10% greater than the output of any 
other high head turbine. These turbines of 
‘ENGLISH ELECTRIC’ design were supplied 
by English Electric Canada, a division of 
John Inglis Co. Ltd. and manufactured 
at Toronto, 





ENGLISH ELECTRIC 


water turbines 
Fee 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI Houss, STRAND, LONDON, Ww .Gon 
ENGLISH ELECTRIC CaNnapa (A DIVISION OF JOHN INGLIS Co. LTD.) St. CATHARINES, ONTARIO 
HE 33.4 Offices and representatives throughout the world 
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For 30 years Messrs. A. Salvi and Company, Milano, Italy, have specialized in the design and manufac- 
ture of complete equipment for Overhead Transmission Lines, including Compression Dead End Assem- 
blies and Joints. The Works of the Salvi Company are engaged exclusively in the production of high 
grade fittings for High Voltage Transmission Systems, up to and including voltages of 220/380 KV 
and for all sizes of Copper, A.C.S.R. and Aluminium Alloy Conductors. 


SOLE REPRESENTATIVES IN THE UNITED KINGDOM AND THROUGHOUT ALL DOMINION COUNTRIES 
(EXCEPT AUSTRALIA AND NEW ZEALAND) AND BRITISH COLONIES AND PROTECTORATES 


THE ENGLISH SALVI COMPANY LTD., West Road, Northumberland Park, 
Telephone: TOTTENHAM 661! Tottenham, London, N.!7 
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Dam Building 


and similar work . 


7 BUTTERS 
CRANE 


designed for the purpose 


Specially devised for erection in difficult situations 
the Butters Monotower Crane combines 


Great height of lift 
Large radius 





Full circle coverage 

ona 

very small erection area 
The photograph shows a typical example; this is an 
electric crane with a maximum capacity of 5 tons and 


a maximum radius of 100 feet, operating through a 
full circle. 


We shall be pleased to send particulars of our 
Monotower Cranes, or of any other type on 








request 
London Office and Works: Butters [Brros. 
The Crane Works, Long Lane, & CO. LTD. ENGINEERS & CRANE BUILDERS 
Hillingdon, Middx. » aes 
Telephone: Uxbridge 3925 and 2288 Head Office 
Birmingham Office: MACLELLAN STREET, GLASGOW, S.1 
Princess House, 71 Temple Row, Birmingham, 2 Telephone Telegrams and Cables - 
Telephone: Midland 4300 IBROX 1141 (6 lines) BUTTERS, GLASGOW 


Newcastle Office: 








65 Quayside. Telephone: 21067 
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ESCHER WYSS 


turbines near the Arctic Circle 


The 83,400 HP Kaplan turbines for Pirttikoski Power Station in Finland represent another example of our activities as 
suppliers of Hydraulic Installations throughout the world. These units are designed to operate at 115.4 rpm under 29 metres 
head with 232 cub. m/sec. developing unit outputs of 83,400 HP. 


Escher Wyss Ltd. Zurich/Switzerland 


































In the Snowy Mountains 
region of Australia, 

a great river, the Snowy, 
and its tributary, 

the Eucumbene, are 

being diverted from an 
easterly course to irrigate 
the western plains of New 
South Wales and Victoria. 
On its journey westward 
this water will fall 

more than 2,000ft.—a 
staggering power potential 
which, through a chain of 
hydro electric power 
stations, will eventually 
produce enough electricity 
to pay for the 

whole vast enterprise. 

For one of the first 

of these power stations, 
the T.1. on the River Tumut, 
a tributary of the 
Eucumbene, Pirelli-General 
have manufactured 

and installed the highest 
voltage oil-filled cables ever 
made in this country. 

é Transmission of power 

at 330kV. 3 phase 194 M.V.A. 
(340 amperes phase) 

along a tunnelled route 
from an underground 
generating station to an 

’ outdoor switchyard 

some 1,600ft. distant 

on the other side 
of the River Tumut 
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proved a formidable 
undertaking, and the seven 
cables, all of which 

were installed in single 
lengths of 1,625ft. without 
intermediate joints, 

were carried on the bridge 
shown in the photograph. 
Pirelli-General are 

proud to announce 

that their contract to 
provide a vital link 

in this great Commonwealth 
enterprise has now 

been completed. 


AUSTRALIAN SNOWY MOUNTAINS HYDRO-ELECTRIC AUTHORITY 
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OIL-FILLED GABLES 








hi RELLILI EN ERAL, 


CABLE WORKS LTD - SOUTHAMPTON 
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Question to Power Line Builders: 









¢ 


Simple? Maybe . . . but splicing electrical conductors — even if they 
are Feral Cable—has to be done properly if the finished line is to 
be a first-class job. In fact, the splicing is of Al importance for the 
proper functioning of any transmission line. It is not only a matter 
of knowing how it should be done, but of seeing that the work is 
carried out correctly at every joint. 

For good electrical connections, both the conductor wires and the 
aluminium sleeve have to be carefully cleaned before the splice is 
made. It is important, too, that the sleeve should extend for an 
equal distance on either side of the joint. Other precautions are also 
necessary, such as seeing that the steel core is not damaged when 
the outer layers of aluminium conductor are cut away. 

When customers are confronted with problems of line construction, 
Svenska Metallverken is always prepared to help in finding solutions 
by drawing on the extensive know-how which is available in Sweden. 
Come to think of it, there’s a lot of know-how already gone in to making 
Feral Cable — reliable Swedish ACSR— available in such quantity 
and quality. 


When planning power lines, consult 


SVENSHA METALLVERHEN 


Manufacturers of Feral Cable 


FERAL CABLE DIVISION 
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Job done properly? When once a sleeve has been clamped 
on, it may be difficult to see whether it has been properly 
positioned over the joint. To provide an easy method of 
checking, Svenska Metallverken has developed this Position 
Gauge, which shows, quickly and precisely, whether the 


sleeve is centred or not. 





All tools and fittings necessary for ACSR line 
construction are supplied by Svenska Metallverken, in 
addition to the Feral Cable. When required, too, experts are 
sent out to help line builders with construction problems, 


VASTERAS - SWEDEN 





Reinforced Concrete Pipes, ordinary and pre-stressed 
in all diameters and pressures 
4 





Pre-stressed reinforced concrete pipe, diameter 3.30m. pressure 9 atm. Brunico 
hydro-electric power station, Italy. Soc. Montecatini 


ACN Soc. p. Ac. Gementi Armatt Ing. Manreuu 
VENICE (ITALY) - Accademia 979/A - Telephone 85.060 
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Three-phase three-winding transformer, 35/35/70 MVA, 

10.25/10.25/116.5 kV, 50 cps, with external water cooling 

supplied to the Hydro Power Station Schwarzach of 
Tauernkraftwerke AG. 


This transformer operates as unit transformer for 2 Nos. 
35-MVA generators. 


ELIN-UNION 


Aktiengeselischaft fur elektrische Industrie 
Vienna—Austria 
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EXPLANATION 


First stoge concrete 
\44| Second stage concrete 


Top of Crone roil, Ei 53170- 


[-“menwey zea Row? 


-Original ground surfoce 


--Relocoted Hondy 
ditch--.. 


— @ vr *. “ 
Assumed top .- ~ oe 
of schist -~ 


€ Distributor, 
£1 $275 00-- 


Cut-off woall--- 
£1 $269 00-- 


Service woter pressure tonk ond pump’ .- 
End of steel liner-""--.\* 
&1 $261.00 
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Power coble, 
saiadal reel--- 





Entronce 
sfructure- 








20 Ton Crane ( Outdoor } 


Lodders <:"- 1 
€ Unit... 
~ 











a. Fan, 1200 cfm 


ai -Air deflector 
_- €1 5288.00 
--Monoroii ho.st 
_-H TW El 52863 75 (10,000cfs) 























~j}---Original ground surface 
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SECTION 8-8 





Leffel Turbine Installed in Bureau of 
Reclamation’s Big Thompson Power Plant 






MORE 
POWER 





TURBINE FIELD TEST 
PERFORMANCE CURVE 


400 RPM AND 180 FT WET HEAD 
G POWERPLANT 





if THOMPSON PROJECT 
BUREAU OF RECLAMATION 


EFFICIENT HYDRAULIC 
FOR Fe YEARS 





A vertical shaft, reaction-type Leffel hydraulic turbine, 
rated at 6,300 HP at 400 RPM under a 180 foot net 
head, was selected by the United States Bureau of Recla- 
mation to drive the generator in the Big Thompson Power 
Plant at the east entrance to the Big Thompson River 
Canyon eight miles west of Loveland, Colorado. This 
plant is the last of six power plants to be built as a part 
of the Bureau’s Colorado-Big Thompson Project. 

Successful installations in all parts of the world testify 
to Leffel’s ability to design turbines for maximum effi- 
ciency and build them for maximum reliability. And 
every Leffel turbine is backed by nearly a century of 
experience in the more efficient development of power 
from water. This experience, through consultation with 
Leffel engineers, is available to you without obligation 
for help in the planning of your next project. Be sure to 
take advantage of it. 


FREE LITERATURE 
THE JAMES LEFFEL & COMPANY 
DEPT. W SPRINGFIELD, OHIO, U.S.A. 


{ ] Please send me more information on Leffel hydraulic turbines. 


1110-E 


[| Please have your representative call. 


Name — ee 











Sart ceianenigeminnctpannes senainsineemminecaiion 


Street abetintiass City State 
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HYDRAULIC STRUCTURES 


Sector weir of 50 m clear width and 4.55 m water 


head in the River Elbe at Geesthacht near Hamburg. 
Illustration shows the gate in course of erection. Sector 
weirs are hydraulically operated submersible gates 
moved by regulation of the water enclosed in the 
sector chamber. As opposed to drum gates, they are 
particularly appropriate for weir plants in rivers where 


comparatively slight variation in the water level occurs. 


are 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 


GUSTAVSBURG/HESSEN (GERMANY) - REPRESENTATIVES IN ALL COUNTRIES 
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ALDEADAVILA - Spain 

6 vertical-shaft Francis turbines 
Output 125000 kW Head 139 m 
Speed 187.5 rpm. 


Hydraulic and mechanical equipment for power stations and dams 
« Neyrfor » drilling equipment. Hydrodynamic transmissions. High-output 
fans (Stork licence). Hydraulic conveying and grading plant. Mecha- 

nically synchronised hydraulic bending presses. Equipment 


for irrigation and water supply systems. Wind-driven 
machinery Hydraulic measuring equipment. Equipment for 
hydraulics laboratories. Special equipment for nuclear 
engineering Assembling, welding and machining of large 
and complicated components. 


GRENOBLE Avenue de Beauvert PARIS XVI_ 2-10 Rue Bellin: 
Téléphone + 44 55 30 Téléphone PAS 51 09 


SPECIALISTS IN LIGHT AND HEAVY ENGINEERING 
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Cemented with frozen mud, the beaver’s 

lodge shelters him from the elements and 

his many enemies. The lower chamber, 

entered from underwater, is his ‘dining 

room,’ while above it, the sleeping space 

is lined with cedarwood shavings or 
peeled twigs. 


GIVE the beaver a valley, a stream 
and enough trees and there’s no limit 
to the efforts he’ll make. Dams a thou- 
sand feet long containing as many tons 
of material. holding back ‘ponds’ 
thousands of acres in extent—canals, stretching 
for hundreds of yards to a particular stand of tim- 
ber—two-storey ‘houses’ sometimes forty feet in 
diameter—a strange and wonderful ‘civilisation’ 
flourishing where once the forest stood unchal- 
lenged. 

On an infinitely greater scale but with the same 
inexhaustible energy and aptitude for the job we 
are creating the mechanism of modern life in places 
which for centuries have withstood the encroach- 
ment of man. Like the beaver, we are eager to build 
—and the wilderness is a challenge to be met and 
conquered. 


(OOOO 


MITGHELL GONSTRUCTION 








aS sxVxl——______ EEE" 


BUILDING 


CiVit ENGINEERING CONTRACTORS 


THE MITCHELL CONSTRUCTION COMPANY LTD. 


WHARF WORKS 


PETERBOROUGH 
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Now under construction—Four turbines 


for. Fokke 1 Power Plant, Norway. 


Head - - 395 metres (1,200 ft.) 
150,000 H-P. 
Revolutions : 
Weight of Spiral Casing 110 tons 
t 


WATER POWER March 1960 





ad 


OO ee ee 























NAVA 








Lightning arresters 


of self-supporting design 


for highest voltages 


Type SAWFV 


Voltage rating 340 kV, . 
50°/. Breakdown voltage 730 - 860 kV 


(max) 
(1/50 ps wave) 


Residual voltage < 1155 kVimax) 
(discharge current 10 kA) 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 


Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 
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CONVERTIBLE SHOVEL 


There’s little glamour about a machine designed for engineers by engineers—men 
who are unsatisfied with anything less than constant, top efficiency. 

The rugged Hitachi Convertible Shovel has been built for smooth and fast opera- 
tion under the toughest conditions, from the tips of its wear-resistant cast steel 
dipper teeth to its stable, extra long and wide truck frame. The versatile Hitachi 
Convertible Shovel offers a choice of diesel engine or electric induction motor as 
prime mover, can be mounted on crawlers or truck for still higher mobility. The 
efficient Hitachi Convertible Shovel converts quickly and readily to dragline, drag 
shovel, clamshell, crane or piledriver. Literature and quotations gladly supplied 


on request. 














@) _Pitachi.Ltd. 


- Tonys Japan 
Cable Address: "“HITACHY"” TOKYO 
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CUPOLA DAM 
MAX. HEIGHT, 87 3 ft. 
. CREST =NGTH. 623 ft. 


CONCRETING PROGRESS . P 
- NOVEMBER 1959 ‘ 








“DR. ING. 


G. ice) 1, [eo é c. , 


SOC.P.AZ. 
“BUILDING & CIVIL 
ENGINEERING CONTRACTORS 
“s&_ CONSULTANTS * 5 
BoMIA ALBRICCI — MILANQ-- ITALY . 
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Brown Boveri 
Power Line Carrier Channels 


are an ideal means of communication 








for electricity undertakings. 


All over the world they are in use with 
telephone, teleprinter, telemetering and 
regulation systems; also transmitting 
signals for the remote control of sub- 
stations and generating plant, and for 
intertripping schemes using high-speed 
distance protection relays. 


Representatives in most countries 


BROWN. BOVERI & CO., LTD., BADEN 
SWITZERLAND 
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SALZGITTER 
BUNKER TRAIN 


the acme of efficiency in mining and 
tunnel development 





-SALZGITTER MASCHINEN AKTIENGESELLSCHAFT 


SALZGITTER-BAD 





Mis'sty*aSr0's'e",",",", 9.8 0 00 0 0°00 e'nte"a"s"s",",*,* 8 8 Oe Oe ee eet eee ee OES tere 

Beattitierereteta* tctaeis tes eae pate tatetatatstetctatetetet treet aeta erate tgttstgtet tetee tee ere a tete 
pre aneta ta tatetctetetetetetrere rete te te ete etcatetetet ett eres 

Ra ee Ze. 


1947 to 1958 


44,948 tons oF 
PENSTOCKS 


SUPPLIED - ERECTED 


EXTRACTS FROM; OUR DESIGNED - 


REFERENCE LIST 








No. When 
lines | ordere 


Diameters 


Head 
in m/m | 


in m 


Weight 


\ Length | Plate thickness 
| in tons i 


Serial 
in m | in m/m 


No. | Name of Plant and Country 





















261 
262 
263 
264 
268 
272 
273 
275 


277 
283 


288 
290 


291 
79? 


he 7 he 


293 


334 


340 








284 | 
286 | 


Gronsdal 
Dale III 
Grytten 
Maudal II 
Skjerka II 
Sand 
Sore Sunnmere 
Glomfjord 
(Flow Lines) 
Pykara IV 
Lund 
Vadheim II 
Festa 
Kaven 
Vinstra I 
Tafjord 
Abjora 
Poringalkuthu 
Machkund 
Sueva I 
Sueva II 
Trevallyn 
Aura II-C 
Aura II-D 
Rossaga 
Nore 


| Mocorongo 


Hardeland 
Poringalkutha 
Hjartdola 
Machkund 
2nd Stage 


| Bhakra (Bulk 


Heads) 


| Kaldaga 
| Sande 
| Gjuva 


Innset 
Neriamangalam 
Kiewa I 


| Fortun II 


Vrenga 
Tyin II 


| 
Norway 


India 
Norway 


India 
Colombia 


Tasmania 
Norway 


Colombia 
Norway 
India 
Norway 


India 


Norway 


India 
Australia 
Norway 


177 
311 
424 
370 
340 
320 
377 


936 
251 
313 
210 
117 
447 
400 
439 
181 
260 
233 
187 
163 


295 | 


744 
247 
368 
331 
322 
181 
587 


260 


566 


90 | 
390 | 
187 | 


224 
873 
379 


"1009 


1485 | 


302 
737 
374 
889 
1502 
181 
235 


368 
3000 
190 


999 


ee 


194 
180 
1020 
400 
739 
2000 


1450 | 


88 
135 


470 | 


396 


1112 | 


1237 


337 | 
657 | 
272 | 
480 | 
1061 | 


1500 | 


60 
789 


225 


206 | 


400 
900 

5 
112 
440 


2200-1900 
2000-1400 
900-800 
1650-1450 
2100-1650 
500-450 

1100-850 


550 
1067-99 1 
700-550 
1050-850 
1300-1200 
1600-1500 
2400-2200 
1750 
2300-900 
2590-1320 
1600-1450 
800-100 
1200-1000 
4420-1727 
2200 
1600 
3400-3000 
1800-1300 
2000-1736 
1300-1000 
2590-1320 
2600-1500 


1600-1450 


4450 
1300-1000 
600 

1200-800 
3200-2000 
3353-1600 
1912-864 
1600-1300 
1300-900 
1600-1200 


255 | 


700 


1070 | 


900 


1240 | 


1650 
682 


3037 
3025 
1112 
676 
407 
360 
387 
608 
666 
887 
509 
514 


509 | 
152 | 
416 | 
| 1212 | 


398 
475 


' 1015 


879 
887 


1145 


500 


1803 
3000 
875 


253 | 
1359 | 


75 


1568 | 
1857 


12-23 
12-35 


9-17 
10-14 
10-12 

14 

8-14 
12-35 
11-30 
11-32 

5-10 

6-12 

24 
12-44 
12-44 
13-26 
12-34 

9-21 

8-15 
11-30 
10-49 


11-32 


17,5 
8-23 
8-14 
14-22 
12-17 

20 
30-61 
8-11 
10-47 


| | | 
| | 
| 
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1947 


1948 


1949 


1951 | 


1952 


1953 
1954 


1955 | 


1956 


1957 
1958 
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While the second of the two giant 
136,000 HP, 1,770 FT HEAD, 6-JET 


vertical-shaft VOITH Impulse Turbines for 
KUROBEGAWA POWER STATION (Japan) 
has just been shipped, the first set is 

being installed on site. 


Second Kurobegawa Impulse Turbine: 

Workshcp erection of inlet casing with the 6 nozzle bends. 
One of the power nozzles is visible inside the pit liner on 
which the head cover is being placed before the 


runner can be lowered into position. 


Runner and casing forms have been determined by extensive 
model tests in our ‘“‘Brunnenmihle’’ Hydraulic 


Research Laboratory. 





© J.M. VOITH GMBH - HEIDENHEIM (BRENZ) - GERMANY 
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HIGH VOLTAGE, LOW VOLTAGE 
& RADIO FREQUENCY INSULATORS 


A.S.E.E. Exhibition, Earls Court, April 5-9 
STAND No. U4, First Floor 


STEATITE AND PORCELAIN PRODUCTS LTD 


STOURPORT-ON-SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT 





SP.102 
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Hydro-Electric Generators 





Rotor for a 3,500 RW 3.3 kV 
167 r.p.m. vertical generator 


for the Lairg power station of 
the North of Scotland Hydro- Bruce Peebles build generators, large or 


Electric Board. 
small, horizontal or vertical, designed 


to individual specifications, for hydro-electric 








projects at home and abroad. Ample resources 
for manufacture and testing enable 


the largest contracts to be undertaken. 


< 


One of two 12 MW I1 kV 
375 r.p.m. horizontal generators 
for the: Shin power station of 
the North of Scotland Hydro- 
Electric Board erected for test. 


BRUCE PEEBLES & Co Limited = encineers eEpinsuURGH 
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Representatives 


9,000,000 HP 


is being developed by KMW Kaplan turbines. If the tur- 
bines built by our licensees are included, this output can 
be increased to more than 7,000,000 HP, a figure which 
clearly shows that KMW is one of the leading manufac- 
turers of this type of turbine. Our 40 years’ experience 
covers al! sizes of Kaplan turbines, including runner 
diameters of more than 8 m (26 ft.) and heads of more 
than 50 m (164 ft.). In December 1959 a new link was 
forged in the long chain of deliveries when the second 
unit at Jarkvissle power plant, belonging to the Swedish 
State Power Board, was commissioned. 


The arrangement of the machinery and the design of the 
control equipment at incorporate new prin- 
ciples applied for the first time in Sweden. The two units 
have a two-bearing rotating system with an umbrella 
type generator and with the thrust bearing on the tur- 


Jarkvissle 


bine cover 


The thrust bearings, which are manufactured by KMW, 
are designed for a maximum load of 1,250 tons and have 
se!f-circulating oil system. 


KARLSTAD SWEDEN 
A. Johnson & Co. 
Building, Montreal 2 


in Canada: 
607 Shell Tower 


(Canada) 


Each of the Jdark- 
vissle turbines has a 
nominal rating of 
59,500 HP at a head 
of 136 m (45 ft.) 
and a speed of 75 
r.p.m, The runner 
diameter is 7-5 m 
(25 ft.) 


Actuator and relay 
valve cabinet for 
electro - hydraulic 
governing 








The station is equipped with electrical governors, and 
the design of the hydraulic part of the control equipment 
permits the actuator, the control valves for runner and 
gate servomotors, and the combinator gear to be grouped 
in a common cabinet. Hydraulic oil for runner pitch ad- 
justment reaches the turbine through an oil pressure box 
on the turbine shaft below the generator. The return 
movement of the runner servomotor is transmitted to the 
control valve cabinet by electro-hydraulic means, thus 
the electrical return gear is the only piece of turbine 
control equipment on the upper part of the generator. 


Jarkvissle power plant will be remotely controlled from 
a neighbouring station. 


AB KARLSTADS MEKANISKA WERKSTAD 


Ltd. 
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A Newton Chambers Company 
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ABEOKUTA-OGUM—WESTERN NIGERIA 
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NEUQUEN—ARGENTINA 
ASWAN-EGYPT 

NAG HAMMADI-EGYPT 
POLLAPHUCA-EIRE 
INISHCARRA-EIRE 

WELLAND RIVER-ENGLAND 
RIVER TRENT—ENGLAND 
VAITARNA-CUM-TANSA-—INDIA 
JOG FALLS—INDIA 
KRISHNARAJASAGARA-—INDIA 
KHATIMA-INDIA 
WARRAR-IRAQ 

KUT—IRAQ 

SAMARRA-IRAQ 
KEDAH—MALAYA 

PERAK RIVER—MALAYA 
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ATIAMURI-NEW ZEALAND 
WAITAKI-NEW ZEALAND 
OSHOGBO-NIGERIA 
MANGAHAO-NEW ZEALAND 
N’CEMA—RHODESIA 
BREADALBANE-SCOTLAND 
UMGENI-SOUTH AFRICA 
WELMORE LAKE-ENGLAND 
EMBARCADEROS-SPAIN 
COFRENTES—SPAIN 
GEZIRA-SUDAN 
MONTEVIDEO-URUGUAY 
MUCOMIR-SCOTLAND 
SUKKUR—PAKISTAN 

BALA LAKE—WALES 

VAAL HARTZ WEIR-SOUTH AFRICA 
MANCHESTER SHIP CANAL—ENGLAND 
HOBHOLE—ENGLAND 

GLASGOW WEIR-SCOTLAND 












































| VICTOR 
DRILL STEELS 


/FOR A GOOD 
LONG INNINGS 


Teamed with today’s hard-hitting drills, Victor Drill Steels 
form an aggressive partnership that thrives on the stickiest 
wickets you can offer. With the advantages of ‘High 
Temperature’ brazing technique for tip-fixing and con- 
trolled manufacture, Victor now offer the ultimate in drill 
steels — steels giving greater footage and faster drilling. 

















A mame fotemember in poreussie dullig WACtOX 


VICTOR PRODUCTS (WALLSEND) LTD., WALLSEND-ON-TYNE, ENGLAND 
Telephone: Wallsend 68331 (6 lines) Cables: ‘Victor’, Wallsend, England 
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+GF+ 


the Steel Foundry 
for 

Water Turbine 
'OF-T-3 t fale f 


Kaplan Hub 


+6F+ Electric Steel 
Grade E 50 

plain carbon steel 
Weight 44 tons 


Kaplan Blades 


+6F+ Electric Steel 
Grade COR 13.65 
13% Chromium 
stainless steel 
Weight 7 tons 

per blade 


George Fischer Limited, Schaffhausen, Switzerland 


Telephone: (053) 56031/57031 Telegrams: Geofischer 
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with Kaplan, Francis and Pel- 
ton turbines for any head and 
output. The world known $KO- 
DA and CKD Trade marks gua- 
rantee a first class technical 
design and quality supplied by 
us. We give integral guaran- 
tees for complete deliveries. 


We shall be pleased to advise 
you in all your problems con- 
nected with the projection of 
water power plants. 
* 

The picture shows the rotor of 
a vertical alternator 60.000 
kVA, 10,5 kV, 230.8 r. p. m. 


TECHNOEXPORT 


FOREIGN TRADE CORPORATION FOR EXPORT OF COMPLETE INDUSTRIAL PLANTS 
PRAHA II, VACLAVSKE NAM. 56, CZECHOSLOVAKIA 
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well on top of schedule 


MOVEMENT of materials .. that's the secret 
of meeting schedules on great projects. Getting the stuff in, putting the 
machinery on the job, - half the battle is won when movement 
is unhampered, when. the equipment which handles the gear does 
so with unfailing reliability 
Henderson Cableways fit the description. Not only is each component 9 
built to the highest degree of engineering skill - Henderson 
Cableways are undoubtedly the most economical method of moving 
big loads on the majority of dam, barrage, bridge or 
viaduct contracts. Confirmation of this fact lies in:the considerable 
number of cableways we have installed at vast projects 
throughout the world. 


Henderson CABLEWAYS 
lifelines to movement 


A general view from the tail.end of a |0-ton 
Electrically-driven Aerial Cableway - span 
1 500-ft. - used for the constructions of Upper 
Glen Devon Reservoir, and showing the Dam 
Wall nearing completion. The tail mast and 
carriage run on rail tracks which are set 
radially to the headmast. With acknowledge- 
ments to Holland & Hannen And Cubitts Ltd 


M HENDERSON AND CO LIMITED KINGS WORKS ABERDEEN 
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STO) 0) 0) volts 


transformers 
for Kariba 


The contract awarded to Ferranti Ltd. by 
the Federal Power Board, Rhodesia and 
Nyasaland, comprises two 120,000 kVA, 
330/234 kV 3-phase auto transformers 
with series boosters, eight 60,000 kVA, 





















LUSAKA 





-—— : 330/88 kV — one in commission § at 

Norton — and four 60,000 kVA, 

t i ey eu 330/33 kV — one in commission at 
Salisbury — 3-phase double wound 


MILES 
transformers. 
; he consulting electrical and mechanica 
> BULAWAYO | The consulting electrical and c cal 
The transformers will be engineers are Messrs. Merz & McLellan, 






installed at these sites. 


A Ferranti large power transformer 
crossing Victoria Falls bridge on its 4 
way to the Kitwe sub-station for the x >... 
Kariba Hydro-Electric scheme. Two of 
these transformers on special well- 
wagons form part of the load on a 
j goods train. 


Specify FERRANTI TR ANSFORMERS famous throughout the world 


k E R RA N T | FERRANTI LTD - HOLLINWOOD - LANCS Telephone: FAlisworth 2000 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2. Telephone: TEMple Bar 6666 
FT228/2 
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Kuljian experience in water resources development 
makes possible the undertaking of every phase of 
your water utilization project. The Kuljian staff of 
internationally recognized specialists has supervised 
the design and construction of many of the world’s 
largest hydroelectric stations, pumping plants and 
water resources development projects. 


Kuljian brochures illustrate and detail the diversity 
of Kuljian services. Write for copies today. 


ADDITIONAL KULJIAN SERVICES 


Surveys « Investigations * Reports + Water Resource 
Development + Reservoirs and Dams « Hydroelectric Power 
Stations + Transmission and Distribution Sub Stations «+ 
Pumping and Filtration Plants + Tunnels and Aqueducts «+ 
Irrigation and Flood Control + Other Reclamation Activities 


—— 


we P), yr Yi Pages he 
te ™ opti = 


= 


baste 


DESIGN «+ ENGINEERING + PROCUREMENT + CONSTRUCTION « REPORTS 
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SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: NISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: ‘SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “SAKATETSU TOKYO” 
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THE BIGGEST MADE IN THE U.S.A., this reversible pump-turbine scroll case has inlet diameter of 
18 ft, measures 56 ft across. It’s designed for one of Tuscarora’s 12 Allis-Chalmers pump-turbines. 


Now building 12 reversible pump-turbines for Tuscarora — 


world’s largest pumped-storage project 


Power piant by day, pumping station at night — the New 
York State Power Authority’s Tuscarora plant will capitalize 
on the hydroelectric power potential of the Niagara River 
without adversely affecting the scenic beauty of the Falls. 
The largest project of its kind, Tuscarora will have 12 rever- 
sible pump-turbines...all designed and fabricated by Allis- 
Chalmers. As a turbine, each of these units is rated at 28,000 
hp under 75-ft head. In reverse, as a pump, each is rated at 
3400 cfs against 85-ft head. All will be direct-connected to 
Allis-Chalmers generator-motors — rating 25,000 kva at .8 P.F. 
as generators ... 37,500 hp at 100% P.F. in reverse as motors. 
The selection of Allis-Chalmers to design and build the above 
comporents came naturally. A-C is the only builder of com- 
plete reversible pump-turbine installations — with a record 
that includes the world’s largest pumped-storage projects. 
Look to Allis-Chalmers for leadership in the design, engi- 
neering and manufacture of hydraulic turbines and necessary 
accessories such as valves, pumps, trash rakes, water control 
gates and hoists. For information, contact your nearby A-C 
office ...or write Allis-Chalmers, Hydraulic Division, York, Pa. 
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A 132kV Porcelain anti-fog cable ceiling end being ground 

to dimensional tolerances, as supplied to Pirelli General Cable 

Works Ltd. for use on C.E.G.B. contracts. 

Sirus The three large 180 kV Porcelain bushings in the foreground are part of 

on STAND a consignment for the Canadian General Electric Co. Grinding and 
us routine testing are the final stages before shipment to Toronto. 


EARLS COURT 
46 WS Tidy 


DOULTON INDUSTRIAL PORCELAINS LIMITED 


TAMWORTH STAFFS 


ROYAI DOULTON POTTERIES * WILNECOTE 
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The GILJET Governing 
system provides a simple 
and effective method of 
governing Francis turbines 
operating on long pipelines. 
Its basic principle is the 
temporary application of a 
hydraulic load to compen- 
sate for the rejection of 
electrical load. 

This action not only reduces 
pipeline pressure surges to 





a minimum but also re- 
stricts the speed rise to a 
low figure. For this reason 
the GILJET has superseded 
the conventional _ relief 
valve in many __hydro- 
electric schemes. 






A typical medium-power 
‘Gilkes’ Francis turbine 
fitted with GILJET governing 
equipment. 











GOVERNING SYSTEM 


SCA 
A 3,100 horsepower ‘Gilkes’ Apr 
Francis turbine operating on repa 
340 feet head and fitted with the | 
GILJET governing. This unit is the 
installed in the North of Scot- circ 
land Hydro-Electric Board’s maj¢ 
Kilmelfort Power Station. The Pm 
pipeline is 4,700 feet long and MA 
there is no surge chamber. in I 
plan 
The 
SCA 
the 
year 





GILBERT GILKES & GORDON LTD 


WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 3231 


G 106 


38 WATER POWER March 1960 














Mads. 

























SCARPA & MAGNANO established in 
April of 1919 as a small factory for the 
repair of electrical apparatus, expanded in 
the course of time its activity to include 
the construction of transformers and 
circuit breakers, thus always assuming 
major importance. 


As main Contractor SCARPA & 
MAGNANO has projected and supplied 
in Italy and abroad important electric 
plants for production and transformation. 


The exportation of the products of 
SCARPA & MAGNANO increased after 


the war and has steadily risen year by 
year gaining interest throughout the world. 


SCARPA & 
MAGNANO 






I\UME 2 


Head Office & Works: SAVONA (Italy) VIA F 


OP neue oe aa a s Batt ARE fie 8 


specialized 


in penstocks and pressure 
shaft linings as well as in 
other equipment for 
hydro-electric power plants 
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MITSUBISHI 


means 


QUALITY plus INTEGRITY 


Mitsubishi Electric has again dem- 
onstrated its superiority in production 
capacity and technical skill by com- 
pleting 3 SETS of 105,000 kVA 
umbrella type water-wheel generators 
—the largest of this type ever produced 
in Japan. 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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UNIFORMITY STRENGTH DURABILITY 


TELEX: NGK-NG9928 


Strong porce- 
Represented in all major territories 


its outstanding 
Cable: INSULATOR Nagoya. 


LTD. 


Gaishi aisha 


developments in the field of high voltage insulators through a background 


Suitably designed hardwores and experienced assembling techniques combine 
to constitute an integral basis on which NGK embodys its unsurpassed 
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lain is nothing new to NGK who has long ago perfected 
You get so much more out of NGK Insulators. 


features of uniformity and durability. 


of over 40 years. 


Nippon 











Forging Turbine Shaft under 
7,000 ton Electro-hydraulic 
Press 


FOR HYDRO-ELECTRIC 
GENERATOR INSTALLATIONS 


Rough machined and black 
forged steel Turbine Shafts, 
22’ 11” long. 


Machining forged steel 
Thrust Collar, weight 
18} tons 






. . . in our high quality carbon 


Forged steel Exciter Shafts. 
each weighing 8} tons. 


and alloy steels — single piece 






| engineering units up to 175 






| tons produced from ingots 






| weighing up to 300 tons. 


ENGLISH STEEL 


FORGE AND ENGINEERING CORPORATION LTD 
River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Ltd 
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AZIENDA 
ELETTRICA 
MUNICIPALE, 
MILANO (ITALY) 








Pelton wheel under 
balancing process. 















GROSIO WATER POWER STATION, 
North Italy 


2—107,000 kW. Vertical axis, four-jet PELTON units 


Output each: 107,000 kW. 
Available head: 600 mts. 
Discharge: 20,350 Its./sec. 
Speed: 333.33 r.p.m. 


EUROPE’S HIGHEST OUTPUT PER UNIT 


FRANCO TOSI S.p.a * LEGNANO (ITALY) 
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Speedy, easy, one-man Simple operating mech- 


control against full anism—no separate 


balanced pressure protective devices 


Minimum friction loss 
and no. wear on valve 


seats 


Self-cleaning action be- 
tween body and plug with 


no face-to-face friction 


fluid 
control 


1 | 
> 4 
r 


Water-hammer controlled 
by positive valve timing a 
and good design charac- a ee 
teristics 


No underground chamber 
is. required : the operating 
Supplied in standard sizes mechanism can be com- 
from 12-72 with electric pletely sealed 
moto. hydraulic or 
pneumatic servomotor or 


manual drives 


ROTOVALVES 


THE HARLAND ENGINEERING COMPANY LIMITED ALLOA SCOTLAND 


LONDON AND EXPORT SALES OFFICE: HARLAND HOUSE 20 PARK STREET WI 
Branches in BRISTOL GLASGOW LEEDS NEWCASTLE NOTTINGHAM TIMPERLEY (CHESHIRE) WOLVERHAMPTON AND OVERSEAS 
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The Kariba Dam has been built on the Zambesi River 
l to provide hydro-electric power for Central Africa. 
Transmission equipment for this project was manufac- 
tured by BICC. Altogether orders for this company total 
some £34 million and include a specially designed 330,000 
volt single-conductor oil-filled cable which connects the 
underground power house to the overhead transmission 
lines. This is the highest voltage cable ever installed in 
Africa. 



























experience 


| keeps in the lead 








D.S.0. FOR ECONOMY How do you learn about electric cables ? 


The Ductless, Shaped-conductor 
Oil-filled cable is BICC’s latest 


development in 33kV transmission. By making them, testing them, installing them, 
Dispensing with fillers and built-in 
Cine % SUE Be Sane 5 Sane studying them in operation, finding new materials 





tional cable of equal duty. 
and better designs, and then starting all over again. 





CABLES FOR THE Years of doing this for every type of electric cable 


FIRST NUCLEAR POWER STATION 


BICC supplied cables and accessories for 
Calder Hall, England, the first nuclear came from. Here are some of the results. 
power station in commercial operation. The 
cables included specially 
designed types resistant 


and accessory — that’s where BICC’s experience 
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THE FIRST LP. CABLES , Pail ; 
IN SOUTH AMERICA ‘ { —j§ ——___}___} 

In face of fierce international competition la r —_ Cc lor , ake 
BICC 69kV Impregnated Pressure Cables g a = rs 


were selected for power transmission in and 
around fast-growing Porto Alegre, Brazil. 











BRITISH INSULATED CALLENDER’S CABLES LIMITED 21 Bloomsbury Street, London W.C.1 


Branches and Agents throughout the World 
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WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 





Finland’s Power Economy 


VISITOR motoring through Finland, or better 
Asi flying over it, soon appreciates the aptness 

of the popular description of the country as “the 
land of a thousand lakes.” Perhaps even more than 
Norway and Sweden it gives the impression of “water, 
water everywhere.” Unfortunately for power develop- 
ment, this water has collected in predominantly flat 
country. Finnish hydro-electric stations are therefore 
essentially low-head developments; Kaplan turbines 
are the general rule, Francis turbines form a small 
minority, and we have not heard of a single Pelton 
machine in the country. 

In the north of Finland the heads that can be made 
available are somewhat higher than in the south, as 
the average height of the ground ranges from 100 to 
200 m., and reaches as much as 300 m. in the upper 
courses of some rivers. Here, however, there are fewer 
lakes, and the seasonal variations in river flow are ex- 
treme. On the Kemi River, for instance, the discharge 
during the snow melt may be five times the average 
flow, to be followed during the succeeding winter by 
a flow only one-fifth of the normal. Regulation of 
such rivers therefore entails the impounding of shal- 
low reservoirs of immense area. 

To add to the natural difficulties, two-thirds of Fin- 
land’s water-power potential is in the north, whereas 
the overwhelming preponderance of population is in 
the south. 

A recent visit we paid to Finland left us with a 
healthy respect for the way the Finns are tackling the 
problem of the country’s power supply. Finiand sus- 
tained a severe setback after the 1939-40 Finno- 
Russian war, as she had to surrender more than 
one-third of her hydro-electric capacity at that time. 
Thus in 1940 the hydro-electric output for the year 
was only 1,700 GWh as against 2,800 GWh in 1939. 
Since 1940, however, new hydro-electric capacity has 
enabled output to be increased at the rate of about 
12% per annum. After the 1944 armistice Finland 
retained 415 MW of water-power plant, producing 
2.500 GWh per annum; by 1955 the installed capacity 
passed the 1,000 MW mark and the annual produc- 
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tion exceeded 6,000 GWh. Now, with an installed 
capacity of 1,500 MW and a mean output capacity 
of 7,500 GWh,* about half of Finland’s economic 
water-power potential, estimated at 14,000 GWh per 
annum, has been developed, and it is expected that 
the rate of increase of hydro-electric capacity will 
gradually decrease to 8%, in which event the maxi- 
mum of 14,000 GWh will have been developed by 
1975. 

Much of the future development will be on the 
Kemi River, which, when fully harnessed, will furnish 
about one-third of Finland’s total hydro-electric out- 
put. Pirttikoski station, described in our March 1959 
issue, is now coming into production, the first machine 
in Valajaskoski should be running this summer and 
preliminary work is in progress on Juukoski station. 
Other stations on the Kemi catchment are in prospect. 
The Oulu River is already largely harnessed, and we 
hope to describe these developments in due course. 
Finland would also receive a share of the power from 
the joint Scandinavian Torne-Kalix scheme, described 
in our February issue, if it materialises. 

The transmission problem in Finland is somewhat 
similar to that in Sweden, for the main power-produc- 
ing area, north of the Oulu, is about 500 miles from 
the main load centre around Helsinki. Two 400 kV 
transmission lines from the north to the south of the 
country are planned, and the first line is in an ad- 
vanced stage of corstruction. A great deal of develop- 
ment work has gone into the mechanical and electrical 
design of these lines, and we hope to publish in due 
course an article on the subject specially written for 
us by the Chief Engineer in charge of Finland’s trans- 
mission lines. 

A 200 kV link with Sweden was brought into ser- 
vice in 1959. 

With the full development of the water-power re- 
sources in sight, Finland is already studying other 
forms of power. At the moment, thermal plant 
furnishes about 40%, of the country’s power, and this 





* Actually the hydro-electric generation in 1959 was only 5,500 GWh 
on account of water shortage. 
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proportion will inevitably increase, and is estimated 
te reach as much as 60% in 1970. In this respect 
Finland is at a disadvantage, for she has no coal, 
her wood is more valuable as an export in various 
forms than as a fuel, although a substantial amouni 
of waste wood is burnt, and her only valuable in- 
digenous fuel is peat, deposits of which are esti- 
mated to be equivalent to about 300 million tons of 
coal. For these reasons it is thought that atomic power 
will become economic sooner in Finland than in many 
other countries. 

Impetus has been given to the development of 
thermal plant by questions of finance, which are 
naturally difficult in a country with such a small 
population. After the last war important credits were 
granted by the World Bank, and further assistance 
has been received more recently from this organisa- 
tion. Internal credits have been derived mainly from 
the National Pensions Institute and the Post Office 
Savings Bank, but the facilities in this direction have 
been reduced by recent legislation. It has become 
necessary, therefore, to seek other means of financing, 
and the smaller capital investment entailed in the 
construction of steam plants is becoming a significant 
factor in the situation. There is no reason to suppose, 
however, that any fundamental change is indicated 
in the basic policy of developing all the country’s 
economic water-power resources. 

The water-power resources of Finland are being 
exploited mainly by three associated companies in 
which the State exercises a controlling interest, and 
these three companies are responsible for 85% of the 
country’s hydro-electric capacity. The parent com- 
pany is Imatran Voima Oy, in which the State of 
Finiand holds 53% of the capital and the National 
Pensions Institute the remainder. The two other com- 
panies are concerned with the development of the 
Kemi and Oulu Rivers respectively; they are Kemi- 
joki Oy, in which the State owns 60% of the stock 
and Imatran Voima Oy the remainder, and Oulu- 
joki Oy, in which two-thirds of the stock is owned by 
Imatran Voima Oy and the remainder by private 
companies. 

Valuable service both to the State companies and 
to municipal and private power interests is rendered 
by the Finnish Association for Power and Fuel 
Economy (EKONO) and its Construction Depart- 
ment, “Consulting.” EKONO also forms the head- 
quarters for the Finnish National Committee of the 
World Power Conference, and “Consulting” is closely 
connected with the Finnish Water Power Association. 

Manufacturing facilities have also been developed 
in Finland for water turbines, gates, cranes and heavy 
electrical equipment. 

Thus, Finland is well organised to follow a co- 
ordinated policy of power development, and to imple- 
ment it with the aid of the necessary technical 
services. 


Sennar Hydro-electric Project 


HE £4 million Sennar hydro-electric project was 
inaugurated recently by a simple tape-cutting cere- 
mony performed jointly by President General Abboud, 
of the Republic of the Sudan, and His Imperial 
Majesty Haile Selassie, Emperor of Ethiopia. The 
new power programme, undertaken by a consortium 
of The English Electric Co. Ltd. and Messrs. Siemens- 
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Schuckertwerke, of Erlangen, involves three main 
tasks: the building of a hydro-electric station with 
two English Electric 7,500 kW Kaplan water-turbine 
aiternator sets at the existing dam at Sennar, on the 
Blue Nile; the extension of the Burri power station in 
Khartoum by installing a new English Electric 10,000 
kW steam turbo-generating set; and the erection of 
an overhead transmission line to connect Sennar with 
Khartoum, with intermediate substations at Wad 
Medani and Hassa Heissa. 


World Power Conference, Madrid 


THE next sectional meeting of the World Power Con- 
ference will take place in Madrid from 5 to 9 June, 
1960. The general theme adopted for this meeting is 
“Methods for Solving Power Shortage Problems” and 
has been chosen in view of the universal desire to in- 
crease the traditional sources of power, or to replace 
them by others. The list of the subjects is as follows: 
methods of investigation of energy sources and require- 
ments, efficiency of production and utilisation of 
energy, technical developments in transportation, 
establishments of nuclear reactors on an industrial 
scale, and functional inter-relation between conven- 
tional and nuclear production of energy. The first two 
subjects will include hydraulic energy and the work- 
ing languages at this meeting will be English, French 
and Spanish. There will also be special tours and tech- 
nical visits. A copy of the programme together with 
further information and application forms may be 
obtained through the appropriate National Com- 
mittee of the World Power Conference. 


Power Development in Pakistan 


[RRIGATION experts of international repute arrived 
in Lahore for examination of the Rs. 1,400,000,000 
multi-purpose Mangla dam project’s design prepared 
by a British engineering firm. After the final check-up, 
the experts will submit their report to the West 
Pakistan Water and Power Development Authority 
regarding any changes to be made in the design. 

In the light of the experts’ recommendations, the 
W.A.P.D.A. will invite tenders for the construction of 
the project from contractors throughout the world. 
Construction work is expected to begin by the middle 
of next year. One of the biggest irrigation and power 
projects in the world, the Mangla dam is expected to 
take about eight years to complete. It will help to 
irrigate 3,000,000 acres of land and will have the 
capacity of generating 300,000 kW of electric power. 
The dam is of the embankment type and will have a 
huge capacity of permanent spillway which can take 
care of about 1,500,000 cusecs. 


Scottish Turbo-Generator Contracts 


THE North of Scotland Hydro-Electric Board have 
placed orders for turbo-generating plant for their 
power stations at Livishie, Glenmoriston, Inverness- 
shire, and at Loch Glashan, Loch Fyneside, Argyll. 

The vertical Francis turbine for the Livishie power 
station, which will have a rated output of 21,200 b.h.p., 
will be manufactured by the Harland Engineering Co. 
Ltd., of Alloa, who will also supply and install the 
main valve and associated equipment. Associated 
Electrical Industries Ltd. (Heavy Plant Division) will 
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supply the 15,000 kW generator. The generating plant 
will be designed to operate by automatic control both 
within the station and from a remote point. 

The Loch Glashan power station, which will be 
built near Loch Gair on Loch Fyneside, will have a 
horizontal Francis turbine of 8,500 b.h.p., also to be 
manufactured at Alloa by the Harland Engineering 
Co. Ltd. It will drive a 6,000 kW generator supplied 
by Associated Electrical Industries Ltd. 

The electrical and mechanical consulting engineers 
for the Livishie works are Messrs. Kennedy & Don- 
kin, and for the Loch Glashan scheme, Messrs. Strain 
& Robertson. 


Swedish Water Turbines 


THE year 1959 will be a record as regards installed 
KMW turbines. The total output of turbines started 
up during the year will amount to nearly half a mil- 
lion horsepower. During the months of November-— 
December five new units will be put into service; 
these are Jarkvissle, 60,000 h.p.; Lottefors, 9,300 h.p.; 
Bjurfors Nedre, 34,000 h.p.; Bergeforsen, 50,200 h.p.; 
and Trangslet, 140,000 h.p. All these stations are 
situated in Sweden. 

The first Jarkvissle turbine was commissioned on 
September 25. During December the second unit was 
put into service, as already mentioned, thus complet- 
ing the last power plant on Sweden’s most exploited 
river, the Indal. The two units at Jarkvissle, which 
will be remotely controlled from Stadsforsen, a sta- 
tion about 13 miles to the north, are estimated to have 
an annual production of 360 million kWh. 


1960 Water Conference, Colombo 


A CONFERENCE is to be held in Colombo, 
Ceylon, from 5 to 13 December 1960 to discuss the 
current problems in water resources development in 
the Far East. The topics on the provisional agenda 
include the development of multi-purpose projects 
embracing flood control, hydro-electricity and irri- 
tion; organisation for the planning, design and con- 
struction of river and valley projects, and the general 
utilisation of the water potential of the countries in 
the region. The programme is being organised by the 
United Nations’ Economic Commission for Asia and 
the Far East, Bangkok, Thailand. 


Proposed Survey of Niger Dam 


HE United Nations’ recent announcement that it 
plans to spend $1,000,000 to study the feasibility of 
a multi-purpose dam on the Niger river has given 
new impetus to obtaining cheap electricity. The 
Western Regional Government in 1958 granted the 
Electricity Corporation of Nigeria an interest-free 
loan of £1:3 million. This loan was to finance new 
electrical generating projects in the Region with a 
completion target date set for 1962. 

By then it is estimated that 28% of Western 
Nigeria’s population will have access to electricity 
with a peak generating capacity of approximately 
30 MW. The Western Region launched its electrifi- 
cation programme two years ago without the cer- 
tainty that the Niger dam would ever be built or. 
for that matter, even surveyed to determine whether 
such a vast project was feasible. However, the 
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Regional Government encouraged the Electricity 
Corporation of Nigeria to set aside £1,000,000 for 
future electrical development within Western Nigeria 
on the assumption that cheap electricity would be 
available from the Niger by the end of the Financial 
Year 1964-65. 

Meanwhile, the Region is going ahead with its 
own plans to bring power to its smaller towns and 
rural areas. Within the next five years, the Western 
Nigerian Government plans to spend an additional 
£250,000 to bring this about. Already the Electricity 
Corporation of Nigeria is conducting pilot schemes 
at the towns of Badagry and Ijero and the findings 
from these two experimental projects will be used to 
guide the Western Region in future electrification 
plans. 





Correspondence 





Norway’s Hydro-Electric Power and 
Industries 


To the Editor, WATER POWER 


I was very interested in the article “ Norway’s 
Hydro-Electric Power and Industries,” as it paints 
an excellent picture of Norway’s efforts to develop 
its water power to supply everyday requirements and 
industry. 

During the past 20 years, the State and the muni- 
cipalities have had a virtual monopoly in the power 
development programme. Industries have more and 
more become hirers of power, and obstacles have 
been put in the way of the development of private 
power sources—sources well suited for this purpose. 
Now that Norway is joining the Outer Seven com- 
mon market there will be a change in this situation, 
and presumably capital will become more accessible 
and various restrictions will disappear. 

Concerning the competition between atomic power 
and other sources of energy, I think that Norwegian 
water power will remain competitive beyond 1990, 
and will continue to be advantageous even if we 
reach a development level of 100 milliard kWh per 
annum, Norsk Hydro have now completed Rjukan 
IV at a cost of kr. 2,500 per kW, which means 
approximately 3 dre per kWh. This plant is now 
operating in parallel with other large plants with low 
operational costs, and the average cost for water 
power is less than 1-5 Gre, possibly only 1 Gre per 
kWh. 

Of the three provinces in Western Norway—Sogn 
og Fjordane north of Bergen, Hordaland around 
Bergen, and Rogaland around Stavanger—Sogn og 
Fjordane possesses the most power and the largest 
power plants, and electricity from this province is 
very cheap in relation to the value of the krone 
today. 

In all probability, Norwegian water power will 
hold its own in competition with atomic power even 
beyond the year 2000. 

A. MOLL@-CHRISTENSEN, M.N.I.F., M.R.LF. 
Consulting Engineer. 
Eiksmarka, 
Norway. 











Fig. 1. View of the site of the lower dam at Lohmiihle 


The Vianden Development 


A short description of a 640 MW _ pumped-storage project, 

on the north-east frontier of Luxembourg, and particularly 

designed for the supply of peak-load energy to the centres 
of heavy industry in Germany 


LTHOUGH hydro-electric resources are by no 
Aucune confined to mountainous territory, it is 
unlikely that the average engineer would think 
of the Grand Duchy of Luxembourg as being a poten- 
tial producer of hydro-electric energy. Apart from the 
Moselle, the country has few rivers, an area of only 
1,000 sq. miles and a population of approximately 
300,000 but the industrial and economic importance 
of this ancient state is out of all proportion to its 
size. The grand duchy of Europe, Luxembourg, con- 
sists mainly of the upper basins of the Sauer and its 
tributary the Alzette, both of which drain and dissect 
the south-east flank of the Ardennes. A province 
known as Luxemburg forms the Ardennes highland 
in Belgium and the two together, with certain other 
smaller areas, constitute the Luxemburg state of 
ancient times. 
Thermal plant and imported power have always 
satisfied the needs of the prosperous industrial centres 
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situated in the south of the country where the iron 
industry has been established for many generations. 
Other industries include leather tanning, slates, metal 
construction, porcelain, explosives, gloves, drapery 
and cenient; the local demand for energy is increasing 
at the same rate as in most other countries, and 
although various projects have been evolved in the 
past, it is only comparatively recently that it has been 
economically feasible to develop part of the country’s 
hydro-electric resources. 

The eastern frontier between Luxembourg and 
Germany is entirely formed by the rivers Our, Sare 
and Moselle, the confluence of the former two being 
some miles north of the famous and ancient town of 
Echternach, and of the latter two at Wasserbillig. Of 
these rivers, the Our and the Sire are particularly 
suitable for development, and two projects are now 
in the course of realisation, at Esch-sur-Sadre and 
Rosport, both on the river Sdre. A further, much larger 
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Fig. 2. Cross-section of the upper reservoir dam on Mt. Nikolausberg 


development, predominantly pumped-storage, on the 
river Our is now in an advanced state of planning, 
and although major constructional work on the site 
has not yet begun, the type, size and economic im- 
portance of this project make it of great topical in- 
terest to hydro-electric engineers. 

The Our flows through a deep valley flanked on 
either side by steep slopes which rise to a plateau 
about 300 m. above the river. Preliminary surveys 
carried out over twenty years ago showed that the 
valley would be suitable for development, but. in 


view of the geographical situation and political 
difficulties which intervened, it was only eight years 
ago that this international project became probable 
rather than possible. The Societé Electrique de L’Our 
(S.E.O.) was founded in 1951 on the initiative of the 
Luxembourg Government and with a widely distri- 
buted share capital, to complete final plans for the 
Our valley hydro-electric scheme, and, as a result, it 
has been decided that the main dam will be situated 
at Vianden, near Mount Nikolausberg. 

Although Luxembourg has been linked to Belgium 
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Fig. 4. A sectional plan view of the machine hall of the Vianden power station 
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by a customs union since May 
1922, the country is com- 
pletely autonomous in all 
other respects and any major 
development in the territory 
must have a very marked 
economic advantage. Vian- 
den is ideally situated in the 
heart of an immense area de- 
limited by the Ruhr, Borin- 
age, Campine, Lorraine and 
the Saar; existing or projected 
run-of-river power stations in 
the Rhine valley and thermal 
power already cater for the 
energy requirements of Ger- 
man industry but there has 
long been a need for a major 
pumped-storage scheme to 
supplement existing resour- 
ces. Vianden is therefore in- 
tended to satisfy peak-load 
demand by pumped-storage 
during off-peak hours and, 
when both stages are com- 
plete, this as yet practically 
unknown project will prob- 
ably have an installed capa- 
city of 640 MW which will 
make it the largest pumped- 
storage hydro-electric deve- 
lopment in the world. 

Past experience with simi- 
lar types of plant has shown 
that the overall operating effi- 
ciency at Vianden will be ap- 
proximately 66%. The upper 
reservoir will be formed by 
building an earth dam on the 
crest of Mount Nikolausberg, 
about 300 m. above the lower 
reservoir. A  penstock will 
connect it to an underground 
power station from which a 
tailrace tunnel will lead to 
the lower reservoir, created 
by a dam built across the Our 
at Lohmiihle between Vian- 
den and Stolzembourg. Ex- 
tensive geological surveys 
have shown that the range of 
hills, of which Mount Niko- 
lausberg is part, contains 
good-quality schist and quart- 
zitic sandstone and it is for 
this reason that an under- 
ground power station is fea- 
sible. Although initially the 
project provides for a total 
output of 320 MW only, the 
final stage will consist of 
doubling the capacity of the 
upper reservoir and installing 
additional plant to increase 
the output to about 640 MW. 

During the first stage, energy 
consumption for pumped-stor- 
age will be 215,000kW with a 
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Fig. 5. Circuit diagram of power station 


daily operating cycle of 9 hours pumping and 4 hours 
generation or, in other words, 3,060 hours pumping 
and 1,360 hours generation per annum. Annual pro- 
duction of peak-load energy will be 435 million kWh 
and the corresponding figure for pumped-storage 
consumption will be 660 million kWh with a gross 
mean operating efficiency of 66%. The gross mean 
head will be 280 m. and the turbines have been 
designed for a nominal discharge of 144 cu. m. per 
sec., the pump delivery being 64 cu. m. per sec. 

The upper storage reservoir is formed by a rock- 
fill dam built round the plateau. In the initial stage, 
this dam will be no less than 2:3 km. long and the 
average height will be 14-3 m., resulting in a storage 
capacity of 2,900,000 cu. m. with a fluctuation in 
level of about 12 m. When the second stage is com- 
pleted, the storage capacity will be approximately 
doubled by extending the dam as shown by the 
hatched section on Fig. 6. A bituminous asphalt 
layer will make the upstream face of the dam and 
the reservoir bed impervious. The rockfill will con- 
sist of compressed schist obtained when the reservoir 
is excavated, and it is expected that the total volume 
of such material required will be about one million 
cu. m. 

As shown in Fig. 7, the penstock will be a verti- 
cal pressure shaft, 570 m. long with an internal 
diameter of 6-2 m., followed by a section inclined 
at about 60% and a horizontal section leading to the 
branch pipe. All parts of the penstock will be con- 
creted but no steel linings are at present envisaged. 

Vianden underground power station will be 
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Power Station 


Fig. 6. View of power station site 


equipped, initially, with four horizontal-shaft units. 
each comprising a 53,750 kW pump, a 100,000 kW 
alternator, and an 80,000 kW turbine. The station 
itself will be 175 m. long and 16 m. wide with a 
maximum height of 19 m., thus allowing adequate 
space for the installation of four further units when 
the second stage of the development is undertaken. 
The turbines, which are designed to operate at 428 
r.p.m., will run free during pumping. Each pump will 
also be connected to a small auxiliary turbine through 
a special coupling, thus allowing the almost instan- 
taneous changeover from generation to pumping or 
vice versa. 

The generators, which will be equipped with 
closed-circuit cooling, will each be connected to a 
step-up transformer raising the voltage to 220 kV. 
The transformers will be installed in a _ separate 
chamber, from which 220 kV cables lead to the out- 
side transformer bay and switching station at ground 
level. A high-voltage transmission line will connect 
Vianden power station to the grid of the Rheinisch- 
Westfalisches Elektrizitétswerk A.G. 

The lower reservoir at Lohmiihle, about 1 km. up- 
stream from the Vianden bridge, will have a maximum 
height of 25 m. and a crest length of 100 m. The reser- 
voir formed will be some 8 km. long, and, when the 
final stage is completed, 4,600,000 cu. m. of water 
will be available. A small compensation set will be 
installed at the foot of the Lohmiihle dam with the 
dual function of regulating the downstream flow and 
providing power for the auxiliary services through- 
out the development. 

Energy produced at Vianden will be disposed of 
through a variety of somewhat unusual channels; 
situated in a country which may well never consume 
any of the energy it produces, this development 
probably has a more international character than any 
other hydro-electric scheme in the world. German 
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Fig. 7. Longitudinal cross-section of penstock arrangement 


industry may often be the only consumer but Vianden 
power will be available to other nations through the 
European grid. During normal pumped-storage 
operation, the S.E.O. will buy energy from neigh- 
bouring networks but one or more units in the power 
station may subsequently be leased to specific custo- 
mers at a fixed annual fee. Similarly, a barter system 
is also envisaged, whereby the S.E.O. will receive free 
power and will then return a percentage of the peak- 
load energy produced, retaining the balance for sale. 
These various operating procedures can be combined 
if necessary but the method employed will depend 
on the conditions prevailing in the power systems 
which will be directly affected by the Vianden 
development. 

The advent of the Common Market and the 
much increased collaboration in Europe in recent 
years have helped to make Vianden a practical pro- 
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position and this journal hopes that it will have 
occasion to publish a more detailed description when 
the project becomes a reaiity. 





Line Material and Substation Accessories. This 
handsome catalogue, well bound and illustrated, has 
been issued by Societa Elettro-Morsetterie Volpato, 
Milano, Italy. and brings the list of this firm’s 
specialities up to date. The last catalogue was sent 
out ten years ago and enquiries are now invited for 
complete equipment to be supplied for overhead 
lines or underground wiring. The catalogue contains 
457 pages and all important components are given 
in both Italian and English. The company seeks to 
be regarded as a collaborator rather than a mere 
supplier of material and asks to be allowed to decide 
which are the most suitable accessories to be 
supplied in each case. 
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Fig. 8. Vertical cross-section of the underground power station 
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Comparison of Flow-Measuring Techniques 
at Kinlochleven Hydro-Electric Station 


This article describes field tests in which various methods of 

flow measurement were compared in a 40 in. pipeline. 

Advanced versions of the current-meter, pitot-tube, salt- 

velocity and salt-dilution techniques of gauging the flow were 

investigated and a comparison made of the systematic and 

random errors, the convenience of the various methods, and 
the man-hours required in each case* 


By F. A. L. WINTERNITZ, Dr.Techn., Dipl-Ing.E.T.H.., 
V.D.I., A.M.I.Mech.E., A.F.R.Ae.S. 


HE development of improved versions of accepted 
‘Tae methods for metering large rates of flow 

is a major research objective at the National 
Engineering Laboratory. Considerable effort has been 
devoted to establishing techniques and developing 
equipment giving higher accuracy of measurement 
than at present attainable together with greater con- 
venience of use. The laboratory facilities at East Kil- 
bride available for these investigations included a 
pipeline of 20 in. diameter, whereby flow rates up to 
20 cusecs could be determined with high accuracy by 
means of a weighing tank.’ Since the apparatus and 
methods thus investigated were primarily intended 
for field application, it had been an early decision to 
include in the detailed programme comparative flow 
measurements in a hydro-electric power station as 
soon as the development work had passed the labora- 
tory phase. Accordingly, preliminary proving tests 
were carried out in June, 1957, at the Kinlochleven 
power station*: * of the British Aluminium Company; 
these have been fully described in reference 47. The 
eventual choice of the Kinlochleven power station of 
the British Aluminium Company was dictated by a 
number of features not found elsewhere: 

(1) The Pelton units of the station are supplied by 
six pipelines which feed into two bus pipes at the bot- 
tom of the pipe track. Access to a single pipe is pos- 
sible without change in plant load since the total flow 
can be redistributed over the remaining pipes. As up 
to two lines can be taken out of operation, this affords 
a means of increasing the rate of flow in two steps 
during tests if required. 

(2) The pipeline is 1} miles long and includes 
straight lengths of up to 1,000 ft. Although access into 
the pipe is limited, special sleeve positions are pro- 
vided for the purpose, stations for the different 
methods could be sited to ensure interference-free 
operation. With a pressure of approximately 400 Ib. 
per sq. in. at the bottom of the line, it was possible 
to test the equipment under high pressure. 





* This article is a summary of Fiuids Report No. 65 issued by the 
National Engineering Laboratory, East Kilbride, and relates to a final 
series of tests carried out at Kinlochleven. Reference is made to Fluids 
Report No. 59, which describes the preliminary tests carried out at 
the same power station. 

+ Frequent reference is made to this report and for convenience the 
abbreviation F.R.59 will be used throughout. 
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(3) The plant load is exceptionally steady since the 
electric energy generated is used for the production of 
aluminium. 

(4) Access to the penstock is relatively easy and the 
British Aluminium Company was prepared to pro- 
vide the necessary tappings and bosses for mounting 
of instruments and equipment. 

A profile of the pipe track, showing the locations 
of the various flow-measuring stations, is given in 
Fig. 1. 

The preliminary measurements, similar to the final 
ones but for the number of metering stations, estab- 
lished the reliability of the equipment used. They 
also served as a phase-by-phase check on the correct- 
ness of the planning and the suitability of the prepara- 
tions which preceded the actual tests. Current-meter, 
salt-velocity and salt-dilution methods were compared 
at flow rates of 60 and 70 cusecs respectively in a 
pipe line of 1 m. diameter. A station was completely 
prepared for the pitot-tube method which, however, 
was not operational due to manometer failure under 
the high line pressure. 

Briefly summarised, the conclusions from these 
initial tests were that: 

(1) The current-meter method required less man- 
hours for installation and evaluation than either the 
salt-velocity or the salt-dilution method, if no account 
was taken of the time required for the rating of the 
meters prior to the field tests; iess equipment had to 
be carried and it was also the most convenient method 
in use while giving the most consistent results. The 
meters, although submerged for more than 100 hours 
in contaminated water, nevertheless functioned satis- 
factorily under a line pressure of approximately 370 
Ib. per sq. in. 

(2) The salt-velocity apparatus operated satisfac- 
torily, mean results agreeing within 1% of the current- 
meter values. 

(3) The salt-dilution equipment was the least de- 
veloped of all methods, and although basically the 
simplest technique, gave results which deviated from 
the current-meter readings by as much as 6% in the 
worst case. 

Results summarising these preliminary tests are 
shown in Fig. 2 as percentage deviations from the cur- 
rent-meter values. 
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Methods and Equipment Used 

In the final tests measurements were carried out 
simultaneously with pitot tubes and current meters, 
which yield flow rates by integration of point-velocity 
measurements, and by use of the salt-velocity and 
salt-dilution methods which yield the bulk flow 
directly. Given equivalent accuracy and comparable 
facility in operation, and neglecting overriding aspects 
of site and test requirements, the point-velocity tech- 
niques would be used if additional information about 
the flow formation is wanted, to be replaced by the 
bulk methods if flow rates only are wanted. In prac- 
tice, however, no such clear division is possible, and 
for this reason the development of all four methods 
had been equally stressed. On the strength of the 
initial experience at Kinlochleven, some of the equip- 
ment was redesigned, evaluation techniques improved 
in further laboratory tests, and the plans for the final 
field measurements laid accordingly. 


CURRENT METERS 

Thirteen small current meters of Ott manufacture 
were used in the preliminary tests, having a propeller 
diameter of 50 mm., a nominal hydraulic pitch of 250 
mm., and electric contact after each revolution. A 
second current-meter station was 
in operation during the final tests, 
equipped with five standard-sized” 
current meters; of these, four were 
of Ott manufacture, with a pro- 
peller diameter of 125 mm. and a 
nominal hydraulic pitch of 500 
mm. A special gear train, supplied 
by the makers, was fitted to each 


Their arrangement in the plane of measurement, Fig. 
3, however, conformed to positions determined by use 
of a new pipe-flow integration technique* which, from 
the readings of the eight meters on the outer and inner 
ring only, allowed speedy evaluation by numerical 
methods. The meter recordings from all three rings 
and the centreline meter were used in graphical in- 
tegrations, carried out for selected tests as evidence 
of the accuracy of the log. linear method of flow 
integration. The latter has since been firmly estab- 
lished by more direct means, showing the numerical 
method of evaluation to be superior to the graphical 
one.'*:'' An advanced numerical method of evalua- 
tion since developed,’* speedier still than the log. 
linear ones, was also employed. For a discussion of 
the principle underlying the current-meter method of 
flow measurement, see reference 4 or, for more de- 
tails, reference 13. 


The four standard-sized Ott meters were arranged 
on one radius at a distance of 0-112D from the pipe 
wall, specified by the log. linear method as the posi- 
tion where in fully developed pipe flow the mean 
velocity is metered.’ Experimental evidence for the 
correctness of such results was available from 
measurements with small Ott current meters in a 20 
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meter for electric contact after 
each revolution. The fifth. an 
Amsler current meter, had been 2 4 
completely rebuilt for generation! u 








of sixty pulses per revolution using 
a semi-conductor photocell circuit 
suitably triggered by the propeller 
shaft. This was an experimental, 





previously untried and _ uncali- 
brated meter arrangement, de- 
veloped for the study of velocity 
fluctuations which cannot nor- 
mally be recorded in current 
meter measurements. 

The use of the small current 
meters was dictated by the pipe- 
line diameter of 1 m., which was 
too small to accommodate an 
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adequate number of standard 
sized meters in interference-free 
positions. The pipeline diameter 
was thus less than the smallest 
permissible one specified by the 
power test code*; it has been 
pointed out* that acceptance of the 
small current meters for field use. 
on the strength of their successful 
performance at Kinlochleven and 
elsewhere*:’, would make it pos- 
sible to relax this restriction. 

In thecase of the small Ott meters, 


b = prroT-TuBe STATIONS 


C = INJECTION POINT, 
SALT-DILUTION METHOD 


cl = SAMPLING POINT 


€ = INJECTION POINT, 
SALT-VELOCITY METHOD 


f = ELECTRODE 


43 +4 





@ = CURRENT-METER STATIONS 








2 SCALE OF FEET ABOVE ORDNANCE DATUM 
S 





APPROX. HORIZONTAL SCALE 
QO SO WO 150 200FEET 
———— tS 








the number was in accordance with 
power test code specifications* *. 
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Fig. 1. Pipe-track profile showing flow-measuring stations 
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Fig. 2. Summarised results of preliminary tests 


in. pipeline.'* It was of interest to compare the per- 
formance of the standard-sized meters at this near- 
wall position, and thus in a velocity gradient, with 
that of the smaller meters at the first station; this was 
purely an experimental study, extended in scope by 
the use of the modified Amsler meter at centreline 
position. 

All meters, with the exception of the Amsler meter, 
were carefully rated before and after the field tests by 
simultaneous calibration of up to thirteen meters’ 
and close agreement was found between the two cali- 
brations. The difference in the evaluation of randomly 
selected field tests was less than 0-:1%. 

A battery-operated automatic N.E.L. recording 
gear* '° was again in continuous operation during the 
final tests. 


Pitot TUBES 

The integration of point velocities measured by 
pressure probes of the pitot-tube type is the oldest of 
the established metering techniques; relevant details, 
with particular emphasis on pipe-flow measurements 
may be found in references 16 and 17. If properly 
used, such instruments are reliable and accurate, but 
are subject to restrictions which may limit the practic- 
able range, in particular if pitot traverses are to be 
carried out in large pipes at high velocities of flow.’*:'* 

Readings were taken on one or two diameters in 
the same angular location as the arms of the support 
cross at the current-meter station. The selection of 
the eight traverse points per diameter again con- 
formed to the specifications of the log. linear method 
of pipe-flow integration.’ Additional measurements 
were carried out at the centreline position and at the 
four points with distance 0-112D from the pipe wall; 
the latter were thus identical to the gauging positions 
at the second current-meter station. 


SALT VELOCITY 

The N.E.L. cartridge-powered injection valve and 
firing breech* which operated faultlessly during a 
firing sequence of approximately 120 single shots in 
the initial tests, gave an equally satisfactory perform- 





* See F.R.59 and also WATER Power, January 1959, p. 11. 
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ance during the final measurements where a total of 
206 shots was fired. 

The electrodes [Fig. 7, F.R.59], designed on the 
strength of laboratory experience for robustness, ease 
of installation and minimum flow disturbance, were 
again linked to separate a.c. bridge systems which 
registered the out-of-balance signals produced by the 
passage of the injected solution past the electrodes. 
The advantages of this arrangement developed by 
Young and colleagues**: ** are: 

High sensitivity. 

Zero level independent of main stream conduc- 
tivity. 

No polarisation effects. 

No interference between the pairs of electrodes. 

The bridge units, designed and built by the Divi- 
sion’s Instrument Group, were 10 kc/s battery- 
operated transistor oscillator-detector units, the time 
signal being supplied by a transistor crystal frequency 
standard run on 30 V batteries.*® Simultaneous re- 
cords were taken on a mains-operated oscillograph by 
filming and on a battery-operated two-channel high- 
speed pen recorder, the latter being mainly used to 
check the wave form of the record. If required, the 
salt-velocity equipment could have been entirely 
operated from batteries. 

Evaluation of the oscillograph records was carried 
out in two different ways: in the one case, the time 
of passage between the electrodes was determined as 
the distance between the centres of gravity of two 
consecutive traces, for which a numerical method of 
computation was used; this is here referred to as the 
“centre of gravity” method. In the other, the mid- 
points of horizontal lines joining those points on the 
traces where the ordinates were half the peak values 
were used to determine the time of passage, here 
called the “mean amplitude” method. Full details 
may be found in reference 24. 

Leslie and Hunter*® proposed and built equipment 
suitable for automatic determination of the time of 
passage between electrodes, which was tested in both 
the laboratory and the Kinlochleven tests. Based on 
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Fig. 3. Meter arrangement in plane of measurement 
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Fig. 4. The consistency of current-meter 


the “mean amplitude” method described by Young 
and Wilson,** who adopted the technique for manual 
evaluation, it is capable of giving instantaneous an- 
swers since no storage of information is required. 

In the field tests, some initial difficulties were ex- 
perienced during the setting-up phase of this equip- 
ment. During the final sequences of these tests, the 
error and scatter of the instantaneous results were 
comparable to those obtained in the normal way. 
The result in each test was available once the salt 
cloud passed the second electrode, and hence progress 
could be checked at any given moment. Should these 
first promising findings be confirmed, the automatic 
salt-velocity apparatus would constitute a marked ad- 
vance over any other equipment in use today. 


SALT DILUTION 

The principle of the method, for a detailed account 
see reference 27+. is the determination of the rate of 
flow from the injection of a chemical solution into 


+ See also Water Power, loc. cit. 
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the stream at a known uniform rate and the com- 
parison of the concentrations of the solution and 
samples withdrawn far enough downstream for com- 
plete mixing to have taken place. A major attraction 
of this method is that no volumetric measurements in 
the pipe are required. 

Careful study of the results from the initial Kin- 
lochleven tests and further analysis in the laboratory 
led to a redesign of paris of the injection and sampling 
equipment and modifications to the evaluation tech- 
niques. The diameter of the injection and sampling 
probes were increased to avoid recurrence of mechani- 
cal failure due to vibration [p. 10, F.R.59]. Originally 
the injection rate was metered by use of a calibrated 
orifice plate and a 4 ft. manometer. In the present tests 
the gear meter was used to give direct readings of the 
amount injected over a period of approximately 34 
min., a check on the constancy being obtained by a 
mains-operated counter driven from a semi-conductor 
photocell unit which was triggered 66 times during 
each revolution of the main drive in the gear meter. 
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The time signal for this, giving a 10 second count, was 
provided by the same battery-operated transistor crys- 
tal frequency standard used at the salt-velocity station. 
As for the initial tests a standby injection pump was 
incorporated in the apparatus. 

The salt used was again sodium dichromate 
(Na.Cr,O,. 2H.O), the strength being varied for the 
two flow rates from 100 to 150 g/l. The dilution ratio 
was determined by volumetric analysis, using both 
indicator and titrator methods described in F.R.59 
and for the final test by colorimetric means, the 
strength of the injected solution being reduced to one- 
tenth. i.e. 10 g/l, for this test. 

The significant departure in analysis technique was 
that a 1/1,000 standard dilution of the concentrated 
solution was made up at the time of the test itself 
using water from the pipeline. Clear line water 
samples were also withdrawn at the sampling station 
for the further dilution of this standard in the chemi- 
cal analysis to ensure freedom from extraneous effects 
between samples and standards. 


Test Procedure and Evaluation of Measurements 

Although some of the equipment was again experi- 
mental and thus on test, planning of the programme 
was for field tests proper, allotting one day each to 
the measurements at the two flow rates chosen, irre- 
spective of the performance of the apparatus. Failure 
at one station was not to affect the schedule of test- 
ing at the others. 

Prior to a test run, each station phoned a readiness 
report to the control room, from which the starting 
signal was given. From then on the current-meter 
station was in continuous operation, measurements at 
the pitot-tube station were taken as frequently as 
manometer settling time permitted, while injecting, 
recording and sampling at the other two stations fol- 
lowed a predetermined schedule to ensure that salt- 
velocity and salt-dilution tests did not interfere with 
each other. 


CURRENT-METER STATIONS 

All test results from both stations were simul- 
taneously filmed, the timer unit operating for the 
greater part on “automatic repeat.” This included 
the two transistorised counters of the modified Amsler 
current meter which recorded on a combination of 
these and the standard electromagnetic counters. Due 
to an electric fault which developed in the insulation 
of the photocell circuit under the high line pressure 
of approximately 390 Ib. per sq. in., the unit failed 
to operate satisfactorily. An attempt to determine the 
effect of possible fluctuations in the line, the objective 
in using the Amsler current meter, was made at the 
end of the tests by reducing the standard recording 
time of 200 seconds in steps to a shortest recording 
interval of 20 seconds. 

By means of the log. linear method of integration,° 
taking account of results from the outer and inner 
ring of meters only at station 1, Fig. 3, one operator 
using a hand calculating machine could obtain an 
answer within fifteen minutes under field conditions. 
This reduced to approximately five minutes by use of 
the “mean value characteristic” method.'? With elec- 
tric calculating machines, the eight-point log. linear 
result is available in about five minutes, the “mean 
value characteristic” result in less than two minutes. 

Field results from the second current-meter station, 
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again using log. linear methods of computation, were 
produced within five minutes. 

Although the numerical log-linear methods of in- 
tegration have since more directly been proved 
superior to the graphical ones,'’: '' in compliance with 
power test code specifications, ten randomly selected 
tests have been graphically evaluated in two different 
ways. Of these, seven differed by less than 0-4% from 
the log. linear results, while the variation in the re- 
maining three was less than 0-7%, the arithmetic mean 
being less than 0°5%. 


Pitot-TUBE STATION 

The measurements at this station had been planned 
as an investigation into several different aspects of 
the metering of flow rates by pressure probes. Operat- 
ing under the unusually high pressure of 300 Ib. per 
sq. in., a severe test for the equipment used, the station 
had been suitably arranged to make a direct compari- 
son possible between results obtained here and farther 
downstream at the current-meter stations, one station 
thus providing a check on the performance of the 
other. 

A further point of interest was the comparison of 
results obtained on one diameter only with measure- 
ments carried out with the two probes in consecutive 
traverses on two diameters perpendicular to each 
other. 

Lastly, readings were taken at the four 0-:112D 
positions on the two diameters, and the results 
analysed both individually and by computing the 
mean of those measured during the span of a full pitot 
traverse. 

The time required for a complete set of readings 
was approximately 75 minutes, and consisted of eight- 
point traverses with probes I and II, which in addi- 
tion included readings at the 0-112D positions. Mano- 
meter fluctuations in the probe pressure readings of 
the order of +10 mm. were damped out by use of 
special throttling valves. Evaluation, carried out at 
East Kilbride, was by both the eight-point log. linear 
method® and by graphical analysis, whereby in five 
of the six traverse tests the results obtained by the 
former differed by less than 0°5% from the latter; in 
one case only was there a discrepancy of 0°87%. 
Computation of the results from two traverses took 
one operator an hour to complete. 

At site, only the readings from the 0-112D positions 
were evaluated. 


SALT-VELOCITY STATION 

The two bridges and their oscillator-detector units, 
each connected to one electrode, were equipped for 
balancing out the capacitance and inductance of elec- 
trodes and connecting leads, as well as the initial 
resistance of the water in the pipe. The amplified 
bridge output was applied to one beam of the double- 
beam oscilloscope and simultaneously to one of the 
pens of the high-speed pen recorder. The other beam 
and pen carried the timing signal from the crystal fre- 
quency standard. 

The sequence of operations started with the priming 
of the injection valve and loading of the cartridge in 
the breech, after which the “ready-to-fire” signal was 
passed to the recording station. The bridges were 
then checked for satisfactory balance, after which in- 
struction was given to fire the injection valve. Pre- 
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liminary trials were run to establish amplifier gain 
settings, balance, etc., and the times between firing 
and detection at the first and second electrodes. The 
oscillographs were thus only operated for a period 
sufficient to obtain records. Meters showing amplifier 
outputs enabled the satisfactory nature of a run to be 
assessed. At full flow rate, the whole sequence of 
operation was accomplished in an average time of 
one minute, and a rate of ten injections in ten minutes 
was sustained. 


Of each test, 35 mm. records were taken and the 
readings of the automatic timer recorded. Final 
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Fig. 5. Test results plotted against the logarithm of 
the dimensionless distance from the wall 


evaluation was carried out at East Kilbride in this 
case for convenience, though the tests in June had 
shown it was perfectly feasible to evaluate results in 
the field. 


SALT-DILUTION STATION 

As in the initial tests, the concentrated solution of 
sodium dichromate was recirculated by the appropri- 
ate pump prior to injection to ensure steady conditions 
before and during a test. Both pumps were used, the 
strength of the solution being varied to obtain a final 
concentration in the dilute samples of about 10 p.p.m. 
dichromate for the tests analysed volumetrically and 
about | p.p.m. for the colorimetric test. 

When the signal was received to commence a test 
run, the 600 ml. bottles were filled with clear water 
at the sampling station. After a sample of the concen- 
trated solution had been drawn off, the actual test 
could be started, the chemical being injected into the 
line normally for four minutes. The rate of injection 
was measured by the calibrated gear meter and im- 
mediately after the test a further sample of the concen- 
trated solution was taken, and from this a standard 
1/1,000 dilution was made up using clear water from 
the pipeline. 

The normal test duration of ten minutes was there- 
fore divided between obtaining clear samples, the 
injection time of the salt and the sampling sequence 
which was delayed by approximately two minutes, the 
time taken by the salt to reach the sampling point. 
For each test at least ten samples of the diluted 
chemical were drawn off into the sample bottles, 50 
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ml. bottles being used for the colorimetric tests. 
Two operators were needed when samples were taken 
from both probes at the same time. 

In four of the tests the salt-dilution ratio was 
determined by volumetric analysis using an indicator, 
in another four by using the automatic titrator, and 
in one test by a colorimetric method. In the indicator 
and titrator methods 500 ml. of the dilute samples are 
titrated against a ferrous ammonium sulphate solu- 
tion. Standard dilutions are similarly titrated so that 
the unknown ratio can be found. In the analysis by 
colour absorption, where a difference of one per cent. 
in the strength of the dilute samples calls for a detec- 
tion sensitivity of one part in one hundred million 
of dichromate, only a simple instrument was avail- 
able. Despite the disadvantages of zero drift and low 
reading accuracy in this instrument, careful techniques 
enabled results comparable with those from the volu- 
metric method to be obtained. The concentration of 
the salt was measured by the absorption of light at a 
wavelength of 561 millimicrons, using diphenylcar- 
bizide to develop the colour intensity which is propor- 
tional to the amount of salt present. Details of all 
three methods may be found in reference 27. 

Six of the tests were analysed in the chemical 
laboratory at the Kinlochleven works, where space 
had been made available. The remainder, including 
the colorimetric test, were analysed at East Kilbride. 


Discussion of Results 

For clarity of presentation, the four methods will 
first be considered separately, after which they will 
be compared. 


CURRENT METERS 

Some difficulty was experienced on the first morn- 
ing of the tests at station 1 due to the high conduc- 
tivity of the water, which affected the contacts of the 
small meters and necessitated minor adjustments to 
the counter relay circuits. By the afternoon the station 
was in full, and from then on, continuous operation 
until the end of the tests, with all thirteen meters re- 
cording. Performance of the large Ott meters, with 
contact chambers more effectively protected against 
the penetration of high pressure water, was entirely 
satisfactory. 

Since the results from station 1 were again to be 
used as reference, the current meters with a standard 
deviation o of the order of +0:2% being the most 
consistent of all the methods on test, records ob- 
tained on the first morning have been treated as those 
of trial runs. Results obtained on the same day during 
tests series II revealed an almost constant difference 
between the simultaneous results from the two sta- 
tions, the mean of which was +0-71%; this value was 
subsequently used to compute from the results of the 
second station during the morning run the records 
of station 1. A glance at Fig. 4 reveals that this pro- 
cedure seems indeed justified. The deviations of the 
salt-velocity and the salt-dilution methods, in this 
context the only meaningful ones, are of the same 
order of magnitude whether computed or measured 
current-meter values formed the basis of comparison. 

It has been shown in reference 14 that the overall 
standard deviation and hence the random error of 
a current-meter calibration was +0-27%, on the 
strength of the simultaneous calibration of thirteen 
meters. This therefore constitutes the possible syste- 
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Fig. 6. Logarithmic velocity distribution at the pitot- 
tube station 


matic error in the field measurements. The standard 
deviation in the field tests was of the order of +0°25% 
or less, so that systematic and random errors were of 
the same order of magnitude. Test duration for both 
stations, since all results were recorded on the same 
counter panel, was 200 seconds, except for tests 17 
to 21 of test series IV; for these the timing intervals 
were 20, 40, 50, 70 and 100 seconds respectively, 
the last test of the measurements, test No. 22, being 
again recorded for the standard 200 seconds interval. 
The standard deviation of the grouping of results 
containing these measurements was «= +0°23%. The 
variation in the results obtained by short recording 
intervals is found to be quite comparable to that found 
for the 200 sec. runs. It should be noted here that 
these findings establish the steadiness of the flow and 
rule out the possibility of rapid fluctuations being 
superimposed over the mean velocity, which was 
originally considered as a possible explanation of 
some of the results obtained during the initial tests, 
see p.10, F.R.59; reference to this will be made 
later. 

In view of the relative nature of the comparison 
between the four methods, it is essential to ascertain, 
as far as this can be done, the consistency of the 
current-meter readings, estimates of accuracy having 
been given already. This has been done by plotting 
results of the very first test, the last, and of one test 
in between against the logarithm of the dimensionless 
distance from the wall, as seen in Fig. 5. The slope 
of the log. linear distribution of Fig. 15, the first test 
recorded at station 1, has been replotted into the two 
other graphs prior to plotting the results. The result- 
ing agreement is sufficiently good to suggest that no 
significant variation occurred in the current-meter 
readings at station 1 over the whole duration of the 
test; this is particularly true if account is taken of the 
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fact that by making all readings dimensionless with 
that of the meter on the centreline, results may be 
affected by the possible variations in the readings of 
this meter stated to be approximately +0-27%. Fur- 
ther evidence of the consistency of the current-meter 
results from station 1 is given in Fig. 4, series II, 
IIIf and IV, in the band width of the scatter which 
results from a comparison of individual tests with the 
mean flow rate of the series. With the exception of a 
single one, all results were within +0-°25% of the 
mean. Further proof of the consistency and accuracy 
of the current-meter results will be presented in the 
discussion of the pitot-tube findings. 

Flow rates obtained by the method of the “mean 
value characteristic”'* gave results throughout which 
differed by only 0:05% or less from the log. linear 
results. 

It has previously been stated that station 2, with 
four large meters mounted in the region of a velocity 
gradient, was considered as an experiment only. Re- 
sults obtained were consistent and at the lower flow 
rates differed by less than 1% from those of station 
1, Fig. 4, series I]. At the higher rate of flow. however, 
this deviation increased to a maximum of 2%, Fig. 4, 
series III and IV. For this there is no ready explana- 
tion. The possibility of a slowing down of the refer- 
ence meters at station 1, resulting in a change of 
approximately 1:3%, may be ruled out on the strength 
of the evidence in Fig. 5. The drift in the individual 
meter readings cannot possibly account for a varia- 
tion of this magnitude, and the excellent agreement 
between the slope of the first current-meter tests with 
the results of the last pitot traverses, Fig. 6, may be 
taken as final confirmation of the correctness of the 
results obtained from station 1. 


Pitot TUBES 

A part objective of these tests was the comparison 
of individual results at the 0-112D positions, of their 
mean over the time taken for a traverse and of a 
traverse on a single diameter both with the results 
of traverses on two diameters and the current-meter 
values from station 1. With reference to Fig. 4, series 
Il, II] and IV, the individual readings differed in the 
worst case by -1:9%, the majority by less than 
—1-5%. Their mean deviated by less than - 1:2%. 
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Individual traverses with probe No. 1, tests 1, 2 
and 3, differed by +0°46, -0°16 and -0°4% res- 
pectively from the current-meter results. Results from 
traverses On two diameters, tests 4, 5 and 6, agreed 
to within — 1-04, -0-48 and -0:23% respectively 
with the current meters. In computing the latter, the 
wall-nearest readings of probe No. 2 were corrected 
by replacing them with the corresponding values of 
probe No. |. This was prompted by results which 
differed substantially from the log. linear values at 
this position of measurement; when used without 
correction, agreement to within 0°1% was obtained 
by reference to the current-meter results from station 
1. However, during installation of the probes it had 
been noted that the flame-cut insertion hole for probe 
No. 2 was heavily burred, and the readings hence 
obviously in error. The correction, although weighting 
the method with a larger deviation, was obviously 
called for. 

Fig. 6 shows the close agreement between the pitot- 
tube and current-meter measurements in a compari- 
son of the dimensionless velocity distribution at two 
different rates of flow as represented by the first 
current-meter test and the last pitot-tube test. The 
standard deviation of the pitot-tube method on 
the strength of the limited number of tests was o 
~+0°3%. 


SALT VELOCITY 

The deviations of the means of up to eleven indi- 
vidual shots differed to an extent which depended 
both on the rate of flow and the method of evaluation 
used. Thus the deviation amounted to as much as 
-~3% at the low flow rates for the “mean amplitude” 
method, which reduced to - 2% or less by use of the 
“centre of gravity” technique of evaluation, Fig. 4, 
series I and II. At the higher rates of flow, the differ- 
ences due to the mode of evaluation were less pro- 
nounced and the majority of the results was within 
t+ 1%. 

In Fig. 24 (F.R.59) a large-scale plot of the indi- 
vidual shots was presented which revealed a distri- 
bution of the flow rates, determined from the single 
shots, which did not seem to be entirely randomly 
distributed around the mean. This led to the men- 
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tioned modification of the Amsler current meter, in 
the attempt to check on the possible, if unlikely ex- 
planation of rapid fiuctuations being superimposed 
over the mean velocity. The failure of the meter, still 
very much in the experimental stage, made this im- 
possible. It was, however, attempted to supply the 
desired information by reduction of the current-meter 
recording interval to as little as 20 seconds, the 
results being equivalent to those obtained for a dura- 
tion of 200 seconds. Yet the distribution of the results 
from individual shots was again quite similar to those 
shown in Fig. 24 (F.R.59), and must therefore be 
accepted as inherent to the method. The standard 
deviation of the results obtained by the “centre of 
gravity” method was of the order of « = +1-6% and 
slightly more for the “mean amplitude” technique. 


SALT DILUTION 

The standard deviation of the individual tests, a 
little over + 1%, was of the same order of magnitude 
as that obtained in the preliminary tests. A substan- 
tial improvement in reliability and accuracy was evi- 
denced, however, in the readings, eight of the nine 
tests being within a band of +2% from the current- 
meter results, while the ninth gave a deviation of 
~2:3%. No significance could be attached to the 
swing from generally positive deviations at lower flow 
rates to negative values at the upper rates. Samples 
from both probes were taken in test No. 3, series I, 
and gave almost identical dilution ratios; in series III 
both probes were operated in all tests, the variations 
of the mean values all being within + 1%. Since there 
was no bias in favour of one of the sampling positions 
giving results closer to the current-meter measure- 
ments, it was considered that mixing was adequate, 
the variations being caused by analytical random 
fluctuations. The colorimeter test gave promise for 
a considerable reduction in the size of sampling and 
injection equipment required, although an improved 
absorption instrument is needed to exploit this tech- 
nique. Further improvement in the scatter band width 
is aimed at, but most of the shortcomings found in 
the initial tests have been overcome. 


COMPARISON OF THE FOUR METHODS 

The majority of the results at both rates of flow is 
within +2% from the current-meter results, with the 
exception of the salt-velocity values obtained for the 
low flow rates by the “mean amplitude” method of 
evaluation. Agreement at the increased rate of flow 
is within +1%. There is no evidence of any syste- 
matic bias in the salt-dilution results obtained by 
different methods of analysis, which for the greater 
part differ by less than +2% from the reference. The 
pitot-tube findings from individual as well as traverses 
on two diameters agree to within 0°-5% with the 
current meters, whereas individual readings at the 
0-112D positions vary by as much as — 1°5%. 

In Fig. 7 the summary results are presented as 
maximum deviations, and it is seen that on this basis 
current meters and pitot tubes appear the most con- 
sistent and accurate, followed next by the salt-velocity 
and last by the salt-dilution method. This sequence 
is not significantly changed by consultation of Table 
I, where the four methods have been compared on the 
basis of equipment required and efforts involved in 
installation and evaluation. The longer installation 
time required at the pitot-tube station and a test dura- 
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tion of 75 minutes must be weighed against the greater 
time requirements for the evaluation of the salt- 
velocity results. Values in brackets are the times re- 
corded during the first Kinlochleven tests, the con- 
siderable reductions in time realised in the final 
measurements being qualified in column 3 of the 
table. It should be noted that the figures given for the 
current-meter method do not take account of man- 
hours spent on calibration, which are quite consider- 
able but difficult to assess. 


Conclusions 

The current-meter method gave the most consistent 
results and required less man-hours for installation 
of one station and for evaluation than any of the 
other methods. The standard deviations of the results 
computed by log. linear methods from the readings 
of eight meters at station | were again the smallest of 
all results recorded, whereby the deviation from the 
flow rates determined graphically by use of all thirteen 
meters was less than 0-5%. Time requirements for 
evaluation have been further reduced through the 
development of novel, accurate computing methods. 

Results obtained from the experimental second 
current-meter station, equipped with four standard- 
sized meters, were within 1% of the reference at the 
lower flow rates, but differed unaccountably by as 
much as 2% at the higher ones. 

Log. linear plots and comparison with the pitot-tube 
results revealed the absence of any significant drift 
in the current-meter results from station 1. 

The meters functioned satisfactorily under a line 
pressure of approximately 370 Ib. per sq. in. and 390 
lb. per sq. in. respectively; they were submerged for 
more than 72 hours. 

Reduction of the recording interval in stages from 
the standard duration of 200 seconds to 20 seconds 
had no significant results. 

The pitot-tube station operated satisfactorily, with 
traverse results from one and two diameters within 
-~1% of the reference. The mean of readings taken 
at the four 0-112D positions (equivalent to those of 
the four current meters at station 2) during one test 
differed by less than -—1:2%, while single readings 
deviated for the most part by less than - 1-5%. As 
with the current meters, log. linear methods of evalua- 
tion were used, results varying again from those ob- 
tained by graphical analysis by less than 0:6%. In 
consistency and man-hour requirements for evaluation 
it rates next after the current-meter method, and is 
on a par with the salt-velocity and salt-dilution 
methods for instaliation effort. It is, however, the 
most unfavourable of all the methods with respect to 
test duration, which for a complete set of results from 
two diameters extended over 75 minutes. 

The salt-velocity apparatus performed satisfac- 
torily; mean results at the low flow rates agreed to 
within —3% with the current-meter reference if the 
“mean amplitude” method was used for analysis, and 
to within - 2% for values obtained by the “centre of 
gravity” technique. This discrepancy became less ob- 
vious at the higher flow rates where most results were 
within +1% of the current-meter ones. 

The automatic timer is a most promising develop- 
ment and may prove a major advance in this method 
of metering flow. 

The salt-dilution equipment, partly redesigned since 
the initial tests, was satisfactory in performance. The 


101 





marked improvement on the results from the prelimi- 
nary tests—the scatter band was now within +2% of 
the current meter readings with the exception of one 
test at — 2:-3%—was attributed mainly to the use of 
line water at all stages of the analysis for comparing 
standard known dilutions with the diluted samples. 
In man-hour requirements for evaluation the method 
is little different from the salt-velocity technique while 
it has an advantage over all other methods that no 
access to the inside of the pipe is required either for 
mounting equipment or for measuring the dimensions 
of the pipe. 

On balance, it is evident that none of the methods 
compared can be stated to be absolutely superior to 
the others. The choice of method will in each case be 
decided by the requirements of the test to be carried 
out, in the light of which the features of the different 
techniques must be reassessed. 
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Installation Evaluation ‘ 

Method (man-hours) (man-hours) Comments 
Log. linear 8 results, : — 
el. comp. mach.: 0-10. Complete mounting sequence, measurement of pipe. 
Log. linear 8 results, Detailed preparations reduce time requirements by | 
Current meters 13; (20°5) ey field: 0:25 approximately 10 hours. | 
(Stations 1 and 2) Bu Log. linear 4 results, | 

*field: 0-10 
2 graph. integr. 13 meters, | 

om “a planim.: 0-75 __ 
Mounting of pitot tubes and associated equipment, | 
— measurement of pipe. 
moe 8 8.) mam | See Sm | 
; F i Detailed preparations cut time requirements by | 
approximately 7 hours. 
a ieliesedpeietinctitin _ 
Including developing and Valve mounted from outside, pipe not measured. | 
alt velocit os 5; (2 dryin f film rec : : ‘ 
Sa — (28) y Saha teeter <’ of Time requirements reduced by approximately 4 | 
hours. 
ag —" 

Indicator method: 3 Complete mounting sequence. 
Salt dilution sil 15; (23) Automatic titrator: 3 Modifications to equipment result in reduction of | 


_ time requirements by approximately 8 hours. 





Power supply for 
methods 3 and 4 13-5 
(Laying of cable) 

















* Identical to man-hours required by method of 


“mean-value characteristic” employing 8 points 


Note: Figures in brackets refer to preliminary tests. 
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Aerial Survey and Electronic 
Computing 


A successful attempt has been made to combine 
electronic computing with aerial survey to speed up 
the conversion of the data obtained into useful re- 
sults. The possibilities and applications of aerial sur- 
vey for hydro-electric planning have been fully dis- 
cussed in WATER Power, January 1957, p. 20; and in 
a recent visit to Hunting Surveys Limited and Elliott 
Automation Limited, both of Elstree Way, Boreham 
Wood, Herts., we were able to observe a demoastra- 
tion where an aerosurvey was analysed with the aid 
of an electronic computer. As often happens in any 
hydro-electric project, it is the nature of the terrain 
which determines the approximate dam site, and 
sometimes that site is in an area in which roads and 
transport facilities are either poor or non-existent. 
Aerial survey and photogrammetric methods can 
give the terrain cross-sections at intervals, and reser- 
voirs are superimposed on a grid system. The 
accuracy that has been obtained is of the order of 
03% for volumes and 0-77% for areas. The com- 
puter can be effectively utilised for the road-construc- 
tion programme. It is able to calculate the cut-and- 
fill volumes, compaction factors, corrected volumes, 
areas and mass haul, at the rate of 3 miles of road- 
way per hour. This figure has since been imoroved. 
For a complete strip survey, Hunting Surveys 
Limited estimate the cost to vary between £300-£400 
per mile, depending on the terrain and country. This 
may not be competitive with the orthodox methods 
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of surveying but it is certainly quicker—and, used in 
conjunction with electronic computers, the engineer 
is able to devote his time and judgment to the design 
problems rather than be faced with the drudgery and 
desk work of repetitive calculations. 


Recent Gilbert Gilkes & Gordon Orders 


Gilbert Gilkes & Gordon Limited, of Kendal, have 
recently received an order from the City of Revel- 
stoke, British Columbia, for a Turgo impulse water 
turbine to develop 5.800 h.p. on a head of 770 ft. 
The consultants for the scheme are Sir William Hal- 
crow & Partners (B.C.) Limited, and the order was 
placed through Electric Power Equipment Limited, 
Vancouver. 

Other orders for Turgo impulse wheels placed dur- 
ing the past year include a 1,000 h.p. unit for Shillong, 
India, and a 725 h.p. turbine for the Municipality of 
Ceres, Union of South Africa. Smaller powered tur- 
bines of the same design include two machines for 
Abercorn, Northern Rhodesia, and additional units 
for Goroka, New Guinea, and Sasumua Waterworks, 
Kenya. 

An interesting Gilkes installation recently commis- 
sioned is the 3,440 h.p. Francis turbine at the North 
vf Scotland Hydro-Electric Board’s Cuaich power 
station. This drives a 2,500 kW induction generator 
and the unit is entirely automatic, being controlled by 
the variation in the level of Loch Cuaich. Gilkes 
overseas erection staff have also just installed and 
commissioned a 1,200 h.p. asynchronous unit at Pit- 
man’s Pond, Newfoundland, and a second 240 h.p. 
Francis turbine at Mbeya for the Tanganyika Electric 
Supply Co. Ltd. 
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Electrical Development 
in Water Power Engineering 


A forecast is made of likely trends during the next fifty 
years in the design of the electrical equipment used in 
hydro-electric systems 


HE sixty years of this century have seen remark- 
Tabie changes in technique and scale of achievement 

in all branches of water-power engineering. It is 
the purpose of this article to discuss the electrical 
progress that has been made, and to touch on possible 
future trends. 


Generators Se 
By 1900, the basic principles of electrical genera- 


tion were firmly established on the same lines as those 
now in use, that is, generation by salient-pole three- 
phase alternators, usually wound for a voltage of from 
3,000 to 10,000 V. Direct distribution to the network 
was the most frequent system, but interconnection of 
power stations was beginning, on an experimental 
basis. and higher voltages, up to 66.000 V or even 
higher, were beginning to make their appearance. 
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Now—sixty years later—the essential elements of the 
design of water-turbine alternators have remained 
unchanged. The size of individual units, of course, has 
greatly increased, but the introduction of fabricated 
consiruction has enabled relatively small, easily trans- 
portable sections to be taken to site and assembled 
as satisfactorily as a factory-made unit. 

It is often said that whereas steam-turbine units 
may go up in size (of single-shaft sets) to 500 MW 
or even larger, water-turbine generators are not likely 
to be built above 300 MW owing to the inherent limi- 
tations of any slow-speed machine. If this is true, we 
may well have reached the final stage in turbine 
design. 

In the field of thermal power there is always the 
possibility that some electro-chemical discovery (such 
as the fuel cell, or a magneto-hydrodynamic device) 


Fig. 1. One of the three 150 MVA ASEA generators in Stornorrfors station, Sweden 


104 


WATER POWER March 1960 














Fig. 2. The first 100 MW generator for Kariba on test in the AEl works 


might revolutionise the whole process, and render 
the steam turbine obsolescent. But so far, no sugges- 
tion has been made that the energy in falling water 
could be commercially captured in any other way than 
by the use of turbines and electromagnetic generators. 
If it is then considered that the water-turbine genera- 
tor is here to stay at least for the next fifty years, it 
is interesting to speculate what detail changes in 
design may be expected. 

Greater outputs will undoubtedly be obtained from 
given frame sizes. The designers of steam-turbine- 
driven alternators have been rapidly increasing the 
hydrogen pressures inside their stator casings, to carry 
away more heat and reduce windage. They have also 
resorted to liquid and gas cooling, associated with 
hollow conductors, on both stator and rotor windings. 
So far these measures for increasing heat transfer 
have only penetrated the hydro-electric field to a 
minor degree. The use of improved forms of insula- 
tion for stator conductors, however. has been almost 
as widely applied in water-power alternators as it has 
in steam-driven designs. 

Metallurgists are constantly improving the steels 
available to the generator designer, both those used 
for the main construction and the special magnetic 
steels used for the active parts. 

Progress towards lighter, smaller and cheaper 
generators may come much more slowly in the 
hydro-electric field than it has in the higher-speed 
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versions, but significant advances may well be re- 
corded in fifty years’ time, even if the general principle 
of the machines remains the same. 

The use of asynchronous generators for relatively 
small units may be considerably extended. Rising 
costs of skilled labour in practically every part of the 
world are leading to the progressive elimination of 
operating staff in all but the largest stations. The in- 
duction generator, automatically brought on load by 
remote control, or even by time switch or reservoir 
level initiation, is perhaps the simplest and most re- 
liable device now available for power generation. 


Computer Control 

The use of electronic governors and voltage regu- 
lators is increasing; and with the steady extension in 
the size and range of interconnected power systems, 
involving hydro, thermal and nuclear plant, all with 
differing characteristics, the question of system stabi- 
lity is likely to become of paramount importance. 
Thus, in the next ten years, computers may be applied 
to the entire control of a hydro-electric station. Such 
devices will have sections taking complete charge of 
the generators, and giving a closeness of control for 
both frequency and voltage considerably in excess of 
anything at present achieved. Yet relaxation of fre- 
quency control, on a predetermined and automatically 
applied basis, may be provided by the computer when 
system conditions make it desirable. 
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The computer-controlled stations of the future are 
likely to make the most advantageous use of hydro 
power by assessing total system demand at any in- 
stant in conjunction with abundant data continuously 
fed into the computer memory devices, such as incre- 
mental costs at adjacent fuel or nuclear-powered 
stations, cumulative rainfall data and available stream 
flow, transmission-system loading, and forecasts of 
system demands over the next hourly or daily periods. 
From all these data, assessments may be made of the 
number of generating units to be brought on load 
and the duration of running for each unit. Automatic 
starting, regulating and stopping gear will then take 
control, running units as needed, and at the same 
time monitoring every vital quantity, such as oil 
pressure, winding temperature, rotor earth leakage, 
and so on. 


Transformers 

Main transformers have undergone considerable 
changes in the last fifty years, arising from the increas- 
ing employment of cold-rolled grain-oriented steel for 
the laminations. This has reduced losses, increased 
efficiency, and permitted the use of very much smaller 
dimensions for a given power-transfer capacity. This 
new steel first encouraged a trend towards larger and 
larger three-phase units, and then, as transport limi- 
tations supervened, to types of construction (as de- 
veloped especially in the U.S.S.R.) whereby very large 
single-phase units can be assembled on site. 

At present the auto-transformer is finding increas- 
ing favour in large power systems. The much-debated 
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Fig. 3. A 110 MVA 13-8/240 kV bank of 
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question as to the true value of factory impulse tests 
in evaluating the performance of large power trans- 
formers under service conditions has been dying down 
in regard to three-phase units. Here the highly satisfac- 
tory behaviour of such units under surge and lightning 
stresses, in networks of every kind, has shown that 
re‘atively few further problems remain. The debate 
now shows signs of rekindling in regard to auto-trans- 
formers, and during the next two or three years the 
reactions of auto-transformers to impulse tests, to 
transients encountered in system operation. and to 
short-circuit stresses may be closely studied. After 
this period the auto-transformer, in both single-phase 
and three-phase forms, is likely to become the 
accepted design for all large power transformers. Even 
at present there are clear indications that its be- 
haviour under service conditions is at least as good 
as that of two-winding units. 


Circuit Breakers 

The generators of the future are no more likely to 
have circuit breakers interposed between them and 
their step-up-transformers than is the case at present. 
Switching, on the high-voltage side, is more and more 
tending to be carried out by air-blast circuit breakers. 
Even that stronghold of the bulk-oil type, the U.S.A., 
is surrendering to the advantages offered by air-blast 
breakers, mostly (so far) manufactured either in 
Europe or from European designs. Low-oil-content 
breakers are competing strongly in some fields with 
air-blast designs, particularly in view of the current 
trend towards making these breakers in units which 








Marelli transformers at Cimego station, Italy 
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Fig. 4. Part of the 132 kV switchyard at the Innisfail substation of the Tully Falls scheme, Queensland, 
incorporating Reyrolle small-oil-volume switchgear 


can be built up in series to arrive at any desired 
voltage level. 

Present tendencies in circuit-breaker design include 
the use of sulphur hexafluoride as the insulating and 
arc-quenching medium, and the increasing interest in 
vacuum-type breakers. This latter development, in 
which the British and Allied Industries Electrical 
Research Association is taking the lead. is still far 
from reaching the stage of commercial application, 
but the outlook is extremely promising. It is in the 
circuit-breaker field that the most interesting advan- 
ces may be expected in the next fifty years. Generators 
for waterwheel drive, transformers and overhead 
lines are not likely to change in essence, but in 1960 
it cannot be said that finality has been reached in 
circuit-breaker design. Every two years, the CIGRE 
Conference (The International Conference on Large 
Electric Systems) provides news of fresh designs. 
French manufacturers have pioneered interesting 
lightweight suspended breakers, of the air-blast type, 
and Swiss designers have produced extremely slender, 
tall columns of insulators on top of which are perched 
series-connected air-blast units with their associated 
shunt resistors. 

New principles of circuit breaking may be dis- 
covered, embodying the extinction of the arc at the 
first current zero. An arc is maintained, if it is main- 
tained, by the presence of an ionised substance be- 
tween the electrodes. The rapid progress now being 
made in the semiconductor field, in which the whole 
structure of materials is altered, may mean that non- 
ionisable materials can be produced. If a switch so 
equipped were to be operated in a vacuum, the per- 
fect circuit-breaking principle would probably emerge, 
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subject only to such detail developments as the trans- 
former has undergone in the last fifty years. 

As power interconnection increases, the short- 
circuit currents encountered by prospective switchgear 
installations will become very heavy, and it is not at 
all certain that the extrapolation of the present-day 
switchgear designs will form an adequate approach to 
future problems. Thus the need to embark on an even 
greater programme of fundamental research in the 
circuit-breaking field is apparent. 


Protective Equipment 

Protective devices have changed greatly in the last 
fifty years. Simple relays for overcurrent and earth- 
leakage detection, incapable of discrimination, gave 
way to complex systems in which the tripping times 
were related to the distance of the fault current from 
the circuit breaker affected. and where means were 
provided for co-ordinating the protective gear at the 
two ends of the protected section. Most forms of pro- 
tection nowadays operate on a balance principle, 
whereby the characteristics of the input current to a 
unit of equipment, such as a transformer, is compared 
in one way or another with the characteristics of the 
outgoing current. 

Where overhead lines are concerned, the necessary 
linkage between the ends is provided by high-fre- 
quency carrier-current systems working on the line 
conductors themselves. The very great increase in the 
usage of this type of communication channel has been 
a striking feature of the last decade. It is linked also 
with the remote control of substations through the 
same means. Much work has been done on the ex- 
ploration of the characteristics of high-voltage power 
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lines when considered as high-frequency channels. 
The number of frequency bands in use is continually 
increasing. It is possible nowadays to predict with 
reasonable certainty the attenuation that the high- 
frequency channels will encounter, not only in sound 
conditions but also in cases of bad weather, fault, or 
other abnormal circumstances. 

In the future, the transmission lines may be used 
more and more extensively for system control. The 
protective gear with which the carrier channels — 
themselves transistorised—are associated is tending 
to become increasingly made up of semiconductor 
devices, eliminating the problems caused by faulty 
operation of electro-mechanical equipment such as 
relays. There are also the positive advantages that 
simpler and yet more sensitive protective devices may 
be used. Semiconductor rectifiers enable d.c. relays 
and d.c. circuits to be employed in stages where much 
more complicated a.c. devices had to be used in the 
past. 

The use of semiconductor devices may bring an- 
other advantage. With their aid, it is possible to build 
on to the live overhead line itself, or on to any com- 
ponent, such as a busbar, a device which is entirely 
self-contained and which can give out micro-wave 
radio signals to a nearby grounded receiver to indi- 
cate current and voltage conditions in the main con- 
ductor. These transmitters can be made of miniature 
transistor-like modules, drawing their small require- 


ment of low-voltage power from a small storage cell. 
fed with rectified current from the drop across an 
almost insignificant resistance in the main high-volt- 
age circuit. 

The protective gear of the future is likely to take 
the form of very small and compact semiconductor 
units, the characteristics of which will be automatically 
varied by computer elements according to the network 
conditions. 


Power Transmission 

Turning now to the transmission of the power 
generated by future hydro-electric stations, the most 
notable feature of the last fifty years has been the 
increasingly rapid rate of rise of voltage level. As 
more and more hydro schemes near centres of indus- 
try became fully harnessed. transmission voltages 
rapidly soared from the 33 kV level to 100 kV, and 
onwards very soon to 220 kV. Then in 1956 the 
Swedish lines became the first in the world to work 
at 380 kV, followed fairly rapidly by the Russian 
400 kV lines commissioned in the last two years. In 
other countries the former 220 kV_ networks are 
quickly being converted to 380 kV working; and new 
schemes, such as the Kariba and Snowy Mountains 
projects started off at the 330 kV level. Now, in 1960, 
the Russian engineers have already started work on 
converting their 400 kV lines to 500 kV. In America, 
where 345-360 kV has been the highest transmission 





Fig. 5. The remote-control desk at Owen Falls, equipped by Standard Telephones and Cables Limited 
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voltage so far, a 650 kV experimental project is 
under way. 

Allied to this increase in voltage has been a deter- 
mined attack on what has been called the most 
troublesome problem of all high-voltage transmission 
development—interference with radio and television. 
There has been almost universal acceptance of the 
bundle-conductor principle, whereby the electro- 
static field is “spread out” and so diminished in in- 
tensity at any one point. Much progress has been 
made in the design of the equipment—insulators, arc- 
control devices and anchoring arrangements—asso- 
ciated with the high-voltage conductors, so that 
corona losses have been sensibly diminished and 
radio interference limited. In Germany, France. 
Sweden, the U.S.A., the U.S.S.R. and Great Britain, 
extensive tests have been made on corona losses and 
radio interference. The use of four-conductor bundles 
is being actively investigated. High-altitude operation, 
where corona loss is even more severe than at sea 
level, are being undertaken in the U.S.A. 

Another high-voltage overhead-line problem is that 
of lightning flashovers, and much research still needs 
to be carried out in this field. For example, the first 
345 kV lines commissioned in the U.S.A. were subject 
to considerably greater lightning troubles than was 
anticipated, whereas British experience with their 275 
kV super-grid system was the reverse. Much field 
work on lightning problems, aided by automatic re- 
cording apparatus of the most modern kind, is now 
in progress. Lightning troubles are best attacked with 
the aid of reliable statistics, and these have been only 
sparsely available in the past. Lightning-arrester 
design will probably improve rapidly, since the non- 
linear characteristics of the resistance elements are 
likely to be made more controllable, as a byproduct 
of semiconductor research. 

During the next fifty years, transmission voltages 
are not likely to follow the same upward tendency as 
in the last half-century. Swedish calculations, in par- 
ticular, have shown that the curve of overall economic 
advantage plotted against increased voltage begins 
to level off above 500 kV. In other words, the advan- 
tages gained by moving from 400 kV to 580/600 kV 
are very much less than the advantages to be secured 
by changing from 220 kV to 400 kV. It seems un- 
likely that the enormous extra cost of insulation for 
transformers, switchgear and substations, as well as 
for the line itself, could be offset by power-transfer 
advantages, when considering an extension of a 200 
kV or 300 kV step above the present levels. 

The use of series capacitors at substations along 
the length of transmission lines has gradually spread 
during the last decade, and is likely to become a much 
more prominent feature of future transmission net- 
works. These devices, in turn, bring intractable switch- 
ing problems, but solutions are being actively pursued. 

There is a further fundamental problem facing an 
increasing number of the world’s transmission engi- 
neers. Routes for any sort of overhead line are be- 
coming increasingly difficult to find in industrial coun- 
tries, and the type of tower needed for 600 kV lines, 
possibly 200 ft. high, will arouse public resentment 
to an even greater degree than before. It is not only 
aesthetic reasons that provoke resentment. The sterili- 
sation of wide tracks of tree-growing land, the hind- 
rance to agricultural operations, the difficulties en- 
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countered when maintenance has to be undertaken on 
routes crossing highways, railroad tracks and navig- 
able waters, all give rise to severe difficulties. A 132 
kV substation in the English countryside which 
twenty years ago had four lines radiating from it, now 
has fourteen, and the value of the agricultural land 
in the vicinity has sharply deteriorated. In the nor- 
thern suburbs of London there is a proposal to erect 
a 275 kV substation close to a colony of middle-class 
houses, and a violent clash of interests is expected. 

In the U.S.A., where it might be thought that with 
so vast a territory right-of-way problems would be 
relatively easy to solve, there is recent news of very 
strong opposition to certain power-line proposals. The 
solution of undergrounding is economically impos- 
sible at present, when it would cost about sixteen 
times as much to lay a given high-voltage power route 
underground as it would to carry it on towers. 

The methods that may be adopted in the next few 
decades include the use of direct current, to give much 
greater power Capacity on a given overhead-line route. 
and to allow for voltages up to 1,000 kV or even 
higher; and the evolution of plastic-insulated under- 
ground cables which will be significantly cheaper than 
the present designs. In Canada, attention is being 
directed to the possibility of using direct-current 
cables laid on top of the ground. This scheme has 
been discussed in other parts of the world. including 
Sweden, and a new approach to power transmission, 
with new techniques for guarding the cables and for 
enabling them to bridge inequalities in the surface 
and natural obstacles may be evolved. The use of 
direct current will undoubtedly spread, as the schemes 
at present under construction bring fresh knowledge 
of the techniques involved. The cross-Channel scheme, 
which should be in commission by 1961, will provide 
a fund of operating experience on a major project, 
involving a non-synchronous coupling between two 
very large networks. 


Conclusions 

During the next fifty years, the electrical engineer 
concerned with hydro-electric power generation and 
transmission will probably find that his main preoccu- 
pations will be with light-current equipment of great 
complexity, needed to control his unattended hydro 
stations and to co-ordinate and regulate the system as 
a whole, and with high-voltage power transmission, to 
enable him to bring in the power from yet more- 
remote water-power sites to the industrial areas. Un- 
like the engineers concerned with nuclear or thermal 
stations, where in the last resort the station can be 
erected near the load, the hydro-electric engineer can- 
not move the waterfall; he must carry his product 
electrically and therefore he is likely to remain in the 
vanguard of power-transmission progress. 





The Twenty-First Anniversary of The Association of 
Short-Circuit Testing Authorities. The Association of 
Short-Circuit Testing Authorities was incorporated on 
December 7, 1938, and to mark the occasion of its 
twenty-first anniversary a handsome brochure has 
been produced. This reviews the history of the Asso- 
ciation, touches on some of the personalities con- 
nected with its formation and gives a brief account 
of the testing stations, some of the research work car- 
ried out, the types of equipment tested, and the highly 
specialised instrumentation used for these tests. 
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Conference on the Protection of 
Hydro- Electric Plants Against Corrosion 


The First International Conference on the Protection of 

Hydro-Electric Plant and Equipment against Corrosion 

was held at Belgrade, and its proceedings are briefly 
summarised by Dr. Ing. Fran Podbreznik 


HE rapid tempo of construction of hydro-electric 

power plants has brought to the fore the necessity 

to solve problems of their protection and to find 
efficient means to preserve materials built in to their 
structures. An international conference—the first of 
its kind—was therefore organised by the Yugoslav 
Association for the Protection of Materials. The Con- 
ference was held last September in Belgrade, and the 
subjects discussed were the protection of concrete 
dams and auxiliary concrete structures, sluice gates 
and chambers, tunnels, pressure pipes, hydro-mecha- 
nical equipment (turbines, inlet and outlet parts and 
mechanisms), electrical equipment and accessories. 
high-voltage transmission lines and other electrical 
equipment. 

Durability of equipment greatly influences the 
economy of power plants. Proper maintenance and 
preventive protection of the equipment in turn affect 
durability and play a major role in economy of opera- 
tion. These resolve themselves into questions of man- 
agement, but there are countless other factors, coming 
under the subject of protection, which profoundly in- 
fluence durability and economy of operation, but 
which are less known and in everyday practice over- 
looked. Greater attention should therefore be devoted 
to these factors in order to achieve maximum economy 
and reliability. 

Rapid construction of major hydro-electric power 
plants entails matters such as economy of construc- 
tion materials, the use of new construction materials, 
and in turn the application of new protective measures 
to preserve these materials. Then again, the increasing 
pollution of water and atmosphere by industrial acids 
and wastes undoubtedly affects the resistivity of 
materials used for hydro-power installations. Today, 
much is being done to use all the available industrial 
and technical materials more sparingly and to attain 
satisfactory results without unnecessary outlay. These 
new elements call for additional efforts to ensure 
better protection of future and existing hydro-power 
equipment and installations. 

Much hydro-power equipment is either permanently 
or periodically submerged, and must therefore be pro- 
tected against corrosion and erosion caused both by 
water and by the atmosphere. Furthermore, items 
such as cranes are placed in the open above a great 
volume of water and are directly exposed to damp. 
Many problems of protection are encountered when 
constructing the supply conduits to the generating 
sets. In addition to corrosion we have damage caused 
by cavitation and erosion. Likewise, specific problems 
present themselves in cases where underground waters 
have to be sealed off from tunnels and canals. Similar 
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questions arise of protection of the machines and 
other mechanical and electrical equipment, including 
the transmission lines. 

It was to problems of the nature outlined above that 
the papers submitted to the Conference were devoted. 


Organisation of the Conference 

At the First International Conference some 80 
experts from abroad and 200 participants from Yugo- 
slavia were present. Lectures and discussions were 
held in four languages: English, Russian, French and 
German. The opening ceremony was held in the 
Science Academy at Belgrade, and the Working 
Groups held their meetings at the University. The 
second part of the Conference took place at Maribor, 
and draft conclusions and resolutions were discussed. 
A programme of visits to factories and hydro-electric 
power plants in Yugoslavia was also organised. 

The technical programme was divided into the 
following five Working Groups: 

Working Group I—Protection of Structures. 

Working Group II—Protection of Hydro-mechanical 
Equipment. 

Working Group III—Protection of Electric Equip- 
ment against Corrosion. 

Working Group IV—Protection of Transmission 
Equipment against Corrosion. 

Working Group V—Various Problems Relating to 
Corrosion Control and Prevention. 


Summaries of Some of the Papers 

At the Conference 74 papers were submitted and 
discussed, and a few of the principal ones will now 
be summarised. 


DETERIORATION OF CONCRETE IN NORWEGIAN DAMS. 
By Kristen Friis, Consulting Civil Engineer—Oslo 
The Norwegian Society of Engineers appointed in 

1926 a committee for studying the deterioration of 

concrete in Norwegian dams. Their conclusions were 

briefly as follows: 

(a) The majority of Norwegian dams, especially the 

older gravity dams, have more or less deteriorated. 

One of the largest dams, situated in the high 

mountains. was absolutely watertight when it was 

brought into service in 1916. In 1930 the leakage 
was approximately 1.000 lit. per sec. and the dam 
had to be rebuilt. 

This deterioration was mainly due to the fact that 

the water, especially in the Norwegian high-moun- 

tain streams, is very acid, with a pH value down 
to 5-6 and an alkalinity of only 7 mg. per lit.; it 
consequently dissolves the lime in the concrete. 

The water thus enters the construction through 
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cracks in the surface due to shrinkage and to 
temperature variations. 

The committee recommend building of reinforced- 
concrete dams (as Ambursen dams, multiple-arch 
dams, buttress dams, etc.) instead of gravity dams, 
to avoid such surface cracks. 

For repair, either an elastic cover can be put on 
the surface, the dam can be faced with an elastic 
reinforced-concrete wall, or it can be treated with 
cement injection, especially when it is difficult 
and expensive to put the dam out of operation. 
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ORGANISATION OF CORROSION CONTROL IN HYDRAULIC 
POWER PLANTS. By Ing. Ivan Kotnik—Ljubljana 
A survey is made of the reasons for corrosion 

damage that has occurred in hydro-electric plants. A 

study of these reasons shows that the bulk of damage 

can be prevented by soundly organised work on the 
protection of metal parts against corrosion. At the 
request of owners and manufacturers of equipment, 

a draft of standard prescriptions has been made out 

specifying what should be done so far as permanent 

protection and corrosion control are concerned. 


PROTECTION AGAINST FIRE FOR TRANSFORMERS. By 
Dott. Ing. Angelo Bonomo—Turin 
In this paper two systems of protection are pro- 
posed using water or CO.,,. 


CORROSION CONTROL IN WATER-POWER PLANTS. By 

Dott. Ing. Angelo Bonomo—Turin 

The paper shows the conditions to which metallic 
and mural constructions are submitted during service. 
Evidence is given of the indispensability of a main- 
tenance schedule to guarantee the efficiency and best 
output for all parts of the plant. Some suggestions are 
made on turbine repairing, varnish application, and 
tests. 


CRITERIA AND METHODS OF CHOICE OF AN ANTI- 
CORROSIVE COATING FOR THE PROTECTION OF HIGH- 
VOLTAGE STEEL TOWERS. By Ing. Tadeusz Biestek 
—Warsaw 
Two methods of protection of transmission towers 

are regarded as the most suitable: hot-dip galvanising 

and painting. A period of 30 years is accepted as an 
effective time of protection. An economic analysis 
of costs, including those of materials, manufacture. 
investment and conservation, is made, which shows 
that although the initial cost of producing zinc coat- 
ings by the hot-dip process is higher than painting, its 
long-term cost is much lower. This remains true when 
investment costs are taken into account. Furthermore, 
it is unnecessary to close down the line for painting. 


AGEING AND DETERIORATION OF IMPREGNANTS FOR 
Capacitors. By Ing. H. Elsner—Fribourg, Switzer- 
land 
After some introductory remarks on liquid im- 

pregnants for capacitors, the author discusses impreg- 

nating oils as used for modern high-voltage capacitors 
and considers their properties, advantageous and 
otherwise. These properties are appraised by means 
of tests and measurements according to national and 
international standards in order to determine the suit- 
ability of the oils as insulating media. Ageing resist- 
ance and absorption characteristics of the impregnant 
are both of great importance for capacitor life and 
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performance. These problems are now being studied 
by a special committee of CIGRE. 


CORROSION PROBLEMS OF TRANSFORMERS. By Prof. 

Dr. Ing. Karl Potthoff—Stuttgart 

The problem of corrosion of a transformer may be 
divided into an external and an internal one. Air- 
cooled transformers with an output of more than 
10,000 kVA must have very large surfaces—up to 
1,000 sq. m. and more. Because the thickness of the 
sheets of the radiators is small, the task consists in 
producing a thin protective coating which does not 
disturb the cooling effect and protects the sheets for 
many years. Zinc and special paintings give this pro- 
tection. 

Corrosion in the interior of the transformer affects 
the oil and insulating material. By choosing a special 
quality of oil, a conservator and drying equipment are 
sufficient to protect the oil. 


LOw-PRESSURE CARBON-DIOXIDE FIRE EXTINGUISH- 
ING SYSTEM. By J. D. Shapland—London 
Whereas the use of high-pressure CO, systems for 

fire protection has been designed and installed for 

over 30 years, the use of the low-pressure system is 

a recent development. Only one pressure cylinder is 

required and the system thus becomes more economi- 

cal as the quantity of CO, required for the risk in- 
creases, and is an economical proposition above about 

1,500 kg. of CO,. 

The CO, is stored in an insulated pressure cylinder 
at 20 atmospheres at a temperature of — 10°C. held 
by an external refrigerator. The low-pressure system 
is ideally suited for the protection of large electrical 
generating equipment, as it is capable of supplying 
relatively large quantities of CO, gas over long periods 
of time. 

The paper deals with the following main headings: 
Physics and chemistry of CO, as far as fire extinguish- 
ing is concerned. Description of typical low-pressure 
CO, installation. Basic engineering calculations for 
system, both total flooding and extended discharge. 
Application of above data for the protection of elec- 
trical generators and distribution equipment. 


CORROSION OF STEELWORK IN WATER-POWER PLANTS. 

By Dr. Herbert Man—Wels, Austria 

This paper outlines the difficult corrosion problems 
in regard to steelwork in water-power stations in the 
light of their importance to the national economy. 
Modern measures against corrosion in steelwork and 
pipelines are outlined. Very effective cleaning opera- 
tions are necessary such as sandblasting, flame-clean- 
ing, etc., and their value is discussed. Important ad- 
vances have taken place in the technique of producing 
coatings, linings and enamels. It is pointed out that 
processed coal-tar-based products are to be preferred 
in regard to their qualities in this field. 


EXAMINATION, CONTROL AND METHODS OF APPLICA- 
TION OF COAL-TAR PAINTS AND ENAMELS FOR 
STEELWORK. By Dr. Wilhelm Stroh—Vienna 
Hints are given as to how anticorrosive protection 

with paints can be effected, e.g., how to prepare the 
surface; conditions to be fulfilled in regard to 
humidity, temperature, steel surface and derusting; 
and examination of the paint film in reference to 
thickness, porosity, adhesion and penetration. 
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The Summation Curve - Its Establishment 


and Application in Hydrology 


The author explains how summation curves can be used 
in computing many problems of river regulation for 
power and other purposes 


By J. OTNES, M.N.LF.* 


HE River Flow Summation Curve, also termed 

the Mass Curve, is one of the most suitable 

methods for studying the effect of various storage 
capacities provided on a river and for the utilisation 
of water in its practical aspects. In this article the 
method of establising a summation curve will be ex- 
plained. Some of its applications will also be de- 
scribed. These are so numerous, however, that only a 
few examples can be dealt with in a short paper of 
this type. 

The Hydrological Branch of Norges Vassdrags og 
Elektrisitetsvesen (Norwegian Department of Water- 
courses and Electricity) has for years applied calcula- 
tions based on summation curves for a multitude of 
practical purposes. In basins with a complex system 
of reservoirs for utilisation in one or more power 
stations, far-reaching conclusions have been arrived 
at by computations derived from one or more sum- 
mation curves. A standard system for the application 
of these curves has gradually been developed, and a 
few of the examples and methods which are explained 
in this article have been taken from the current prac- 
tice in this office. 

The method has been applied on investigations in 
the Rufiji basin, Tanganyika, where hydrological ob- 
servations are available for only a very few years. 
This article explains how a summation curve can be 
established under such conditions, and what results 
can be obtained with only a very few years of river- 
flow records. 


NOTATIONS: 

q rate of river flow, cusecs, acre ft. per day 

7 (m*/sec.). 

q average rate of flow. 

de = curve constant. 

qd: regulated flow . 

G+ im—n) =Tegulated flow from year m to year n. 

Q =volume of water, acre ft. (m*). 

S =reservoir capacity, acre ft. (m*), 

Sim—n) =Yeservoir capacity required from year m to 
year n. 

t time, seconds, days. 


Basic principles 

Applied to hydrology, the summation curve gives 
the accumulated discharge for a river-gauging station 
from a set time which is usually chosen as at the com- 
mencement of the observations. Daily discharges are 
added together in a suitable unit, selected in accord- 


* Chief Hydrologist to the Rufiji Basin Survey, Tanganyika, Food and 
Agriculture Organisation to the United Nations. 
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ance with the size of the run-off. Commonly used 
units are millions or thousands of cubic metres, acre 
feet or cubic feet. The curve is plotted with time ¢ as 
abscissa and the accumulated discharge Q as the 
ordinate. 

The curve is an integral curve, and if g denotes the 
rate of discharge, Q can be expressed as follows: 


Q= | qdt . (I) 
From this can be derived 
“ Q) 
dt a 


The rate of discharge is thus expressed by the slope 
of the tangent at any point of the curve. The average 
discharge between two arbitrary points on the curve 
(fins Qm) and (fn+;, Qn+,). Will be accordingly: 


Qn+i - Qn 


— Mar ~ © _ 3) 
q tmn+1 — bm ( 


Fig. 1 shows three successive “water regulation 
years.” This is a time unit commonly used in 
hydrology when analyses are carried out on these 
curves. A water regulation year has no fixed length. 
It may vary from year to year and may even exceed 
a year depending upon the designed degree of regula- 
tion and the annual distribution of run-off. It may 
therefore be defined as a period of time from the 
beginning of a regulation in one year to the end of 
that regulation. 

In Fig. 1, a line is drawn from the first minimum 
turning point (t,, Q,) to the fourth (t,, Q,). This repre- 
sents the average discharge for the three complete 
regulation years and can be expressed as follows:— 


REGUL’. ION YEARS 
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ACCUMULATED RUN-OFF 
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Fig. 1. Three successive water regulation years 
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At all points where the tangent to 
the curve is parallel to this line, the 
discharge is equal to the three-years 
average. A steeper slope of this tan- 
gent indicates a higher discharge than 
the three-years average discharge and 
vice versa. It will be evident that if 
the river goes dry, the curve will be 
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horizontal during that period. 

If the observation period is two or 
three years only, the curve can be 
plotted as shown in Fig. 1, but if 
data extend over a longer period, the 











curve cannot be fitted within the 
limits of the paper. In such cases it 
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can be plotted as the accumulated 
sum of the deviations from the mean. 
The main trace of the curve will thus 
be horizontal and it can be plotted 
on a roll of graph paper. 

If possible, a summation curve should be plotted 
in accordance with a long-term average gq. If only a 
few years of observation are available when the curve 
has to be established, an average for a longer period 
should be computed indirectly in comparison with 
run-off in adjacent catchments or with rainfall. An 
average will always vary slightly as data for new years 
come into the calculations, and for this reason it is 
more correct to signify the applied figure representing 
the up-to-date actual average as the “curve constant” 
qe. If g. is carefully selected it will always be close 
to the current average value, and the plus and minus 
deviations will be of about the same order from year 
to year. In this manner a summation curve covering a 
period of 50 years or more can be plotted on the same 
roll of graph paper. The run-off conditions for the sta- 
tion in question are clearly illustrated by this curve. 
Storage capacity requirements year by year, or for 
longer periods, can easily be visualised. Studies and 
graphical calculations can be made directly on the curve. 

If no modern electric calculating machines are 
available, the computations of daily divergencies from 
an average is laborious for a long period of obser- 
vations. Another method of obtaining the same re- 
sult is to plot the curve to a skew co-ordinate system, 
Fig. 2. The same years as on Fig. | are used for the 
example and all the ordinates are turned through an 
angle -a from their origin. The line representing the 
curve constant is also hor:zontal on this graph. 

By transferring a summation curve from the right- 
angled co-ordinate system, Fig. 1, to the skew system, 
Fig. 2, all points on the curve are transferred verti- 
cally. The time scale thus remains horizontal and un- 
changed. 

The discharge diagram, Fig. 2, is established from 
a right-angled triangle, abc, as follows: The hypo- 
tenuse, ab, is parallel to the skew ordinates and rep- 
resents zero discharge. The side bc, is horizontal and 
gives the curve constant q.. If the side ac is divided 
into q. units, the rate of flow is expressed by lines 
drawn from b to these points respectively. It is practi- 
cal to utilise the graph-paper division and to draw 
some standard lines representing round numbers of 
discharge (q,. q Gm). The line ac can be ex- 
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Fig. 2. The summation curve of Fig. 1 transferred to the skew system 


tended and by applying the same scale below c as 
above, discharges higher than g. can be calibrated, gq,. 

In practice the skew ordinates are drawn only for 
an equal round number of river run-off, Q,, Q.. Q;, 
etc. (Fig. 2) and the curve is plotted by applying an 
appropriately scaled ruler. Five-day progressive totals 
are invariably used and run-off details will be suffi- 
ciently expressed. 

When a curve is started and new observations are 
received from the field, these discharges should be 
added to the previous total and the curve extended. 
The graph paper should last for years and should 
therefore be as strong as possible. A transparent trac- 
ing cloth is preferable. Copies of the curve can then 
be taken at any time and the roll easily stored in 
shelves retained for this purpose. Inches divided into 
20ths is a suitable graph division, with j;ths or 24 ths 
representing two days in the horizontal direction. 

The vertical scale must be selected according to the 
size of the run-off and should preferably be such that 
a is as near 45° as is possible. If a is too small the 
curve becomes “flat” and the necessary accuracy by 
graphical computations may be difficult to obtain. On 
the other hand if a is too great it will be difficult to 
keep the curve inside the scaled area for any length 
of time. 

The maximum possible steady flow over the first 
regulation year is signified by q,, (Fig. 2), the size of 
which can be determined by a parallel transfer to the 
discharge diagram. An effective reservoir capacity of 
S, is required for the maintenance of this flow. The 
latter is expressed by the maximum distance between 
the curve and the “ tapping line.” The time between 
the first tangent point d and the day of maximum 
reservoir capacity is called the “filling period,” and 
the time between this day and the second tangent 
point e when the reservoir is again empty, the “ tap- 
ping period.” For the second and third regulation 
years the corresponding flows are expressed by q,. 
and q,;. The storage capacities required are given by 
S, and S;. 

When more years follow each other as in Fig. 2, 
it is possible to keep a steady flow over longer periods. 
The maximum possible steady flow over the first two 
years is g,:,-2) and for the three years g,:,-,). The 
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Fig. 3. Method of graphical calculation when the reservoir capacity is taken as an independent variable 
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maximum effective reservoir capacity required in the 
latter instance is S;,_,) which has to be filled during 
the first year. A volume of S$,’ must be kept back in 
the reservoir from the first to the second regulation 
year and correspondingly S,’ from the second to the 
third year. 


Example on Establishment of 2 Summation Curve 

Chosen as an example is the summation curve for 
Igawa hydrometric station on the Mbarali River, 
Rufiji basin. On the date of establishment, observa- 
tions were available for three hydrological years only, 
and a suitable curve constant was determined in com- 
parison with rainfall over the catchment area. The 
data are as follows, all given in acre feet:— 


Rainfall Run-off 
1954-55 1,067,000 336,999 
1955-56 1,408,000 494,410 
1956-57 1,308,000 438,543 


There is a reasonable correspondence between these 
rainfall and run-off data. The average rainfall in the 
seventeen-year period since 1940-41 is 1,130,000 acre 
feet which gives an average yearly run-off of approxi- 
mately 365,000 acre feet, equivalent to a discharge of 
505 cusecs over the year. 

If the vertical distance between the skew ordinates 
is selected as 100,000 acre feet, the horizontal distance 
between them will be 100 days. If the scale is selected 
as one inch to 20,000 acre feet and one-tenth to two 
days, a equals 45° which is very convenient for plot- 
ting. The curve is given to a reduced scale in Fig. 3. 

In most instances the horizontal distance will not 
work out to be a round number of days, as for the 
Igawa station. For convenient plotting, it is therefore 
recommended to round off the number of days as first 
computed and adjust q, thereafter. 

The basic figures for the Igawa summation curve 
will be: 

Curve constant g-: 505 cusecs (17-year average). 

Vertical distance between skew lines: 100,000 acre feet. 

Horizontal distance between skew lines: 100 days. 

The actual summation of discharges is done on a 
calculating machine which types the figures. Six 
months can be calculated on the same sheet of paper 
and the records kept in an ordinary computation file 
for the station. An extract of the summation for 
Igawa is given for the first half of 1956 in Table 1, 
discharges being given in acre feet. Progressive run- 
off totals are calculated for five-day periods and at the 
end of each month (indicated thus *). 


Application of Summation Curves 
REGULATION CURVES: 

The “yearly regulation curves” can be established 
from a summation curve. These curves show the re- 
sultant regulated flow for any effective reservoir capa- 
city located upstream of the point under considera- 
tion. The regulated flow may be defined as the mini- 
mum flow in the regulation year when storage is 
utilised for obtaining a flow as even as possible at a 
given point. A yearly regulation curve commences at 
the point of minimum discharge and ends at the point 
of average discharge over the total regulation year. 
In certain instances the regulation curves can be ex- 
tended for regulation studies over further years. 

It does not matter which of the units—treservoir 
capacity or discharge—is chosen as an independent 
variable for the purpose of calculation. On the extract 
form, Table 2, the reservoir volumes are entered in 
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Fig. 4. An interrupted regulation curve 


the first column and the corresponding regulated 
flows are calculated year by year and have been en- 
tered in the appropriate places. The data are most 
conveniently computed graphically and if the curve 
scale is not too small, reasonable accuracy will be 
obtained. The calculations can be checked arithmeti- 
cally from the accumulated discharge similar to that 
given in Table 1. 

When the reservoir capacity is used as the in- 
dependent variable, the graphical calculations are per- 
formed by taking parallel transfers of the curve as 
shown in Fig. 3. The tapping lines are drawn as tan- 
gents to the original summation curve and to the 
parallel curves respectively and are thereafter cali- 
brated by a transfer to the discharge diagram. 

The regulation curves are established without tak- 
ing into account evaporation losses from the surface 
of a reservoir. This is a special factor which has to 
be deducted from the storage capacity in the tapping 
period. If this is done the curves are still valid. If a 
lake is utilised for storage, evaporation from its sur- 
face is automatically included in the discharge ob- 
servations and cannot therefore be deducted again. 
It is presumed that the evaporation from a lake is 
about the same in a natural as in a regulated state. 
The only practical difference may be in the evapora- 
tion from a random strip due to changes in water 
level from natural conditions. 

The second part of Table 2 gives the length of the 
tapping period. This is an important factor when loss 
of water by evaporation has to be estimated. For 
lower grades of regulation the loss of water during the 
filling period is of little consequence. Beginning with 
a full reservoir, evaporation must be calculated from 
the time when tapping commences and until the regu- 
lated flow is equivalent to the natural flow of the river. 
The length of the tapping period can be taken directly 
from the summation curve but more accurate results 
are obtained when it is taken from calculations similar 
to those in Table 1. 

Seepage from a reservoir is also a special factor 
which, in certain instances, will lower the effective 
storage capacity. If at all possible, adjustment should 
be made for this loss. In most cases, however, a great 
deal of the percolated water can be reckoned as re- 
turning to the river downstream of the reservoir, and 
the practical adjustment will not be so great as at first 
assumed. In quite a few instances it can also be dis- 
regarded, but this depends upon local factors and 
must be studied in each particular case. 

The third portion of Table 2 gives figures for the 
regulation curves in percentage of the average. Stor- 
age capacity is calculated as a percentage of the 
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yearly average volume of water going 
into the river, and the regulated flow 
is given accordingly in percentage of 
the average rate of flow. This is done 
in order to facilitate extended use of 
the regulation curve. Experience has 
shown that catchments of approxi- 
mately the same hydrological charac- 
ter produce nearly equivalent regu- 
lation curves when expressed in 
percentage values. This often permits 
the use of the regulation curve in an 
adjacent area and for o.her points 
on the same river. 

The yearly regulation curves are always continuous. 
For parts of the curve where the tapping period is 
constant, the regulation curve is linear. The tapping 
period will, however, as a rule increase with the sior- 
age, resulting in a corresponding curvature of the 
regulation curve. This implies that each addition to 
the storage capacity will always give a progressively 
smaller increase in the regulated flow. 


Ve %, 














TABLE 1.—EXTRACT OF THE CALCULATIONS OF PROGRESSIVE 
RUN-OFF TOTAL FOR MBARALI AT IGAWA, 1956 (Discharge in 
Acre Feet) 
January | February! March | April | May June 
350317* | 419039* |529201* | 611560* |697278* | 739462* 
474 1664 2303 3330 | 1972 896 
768 1514 2637 5463 1898 890 
727 3687 3014 4557 1843 878 
3200 9686 2968 5076 1798 866 
948 3788 2855 5358 | 1770 860 
356434* | 439378* |542978* | 635344* |706559* | 743852* 
967 4024 2616 5209 1834 846 
864 3944 2395 3753 1665 846 
2232 3997 2375 3177 1614 834 
792 3379 3153 2822 1539 834 
1291 3971 3464 2616 1440 | 834 
362580* | 458693* |556981* | 652921*|714651* | 748046* 
711 3763 3142 2426 1432 834 
565 3083 2659 2323 1408 846 
769 1953 2283 2283 1424 834 
1259 | 2509 2344 2067 1432 834 
560 | 2344 2144 2028 1392 810 
366444* | 472345* |569553* | 664048* |721739* | 752204* 
642 2855 | 1981 1953 1290 792 
625 2232 | 1943 2067 | 1259 786 
2888 | 4211 | 2637 2193 1259 792 
3106 5930 3439 2115 1259 792 
5449 | 10015 3813 202 1199 792 
379154* | 497588* |583366* | 674404* |728005* | 756158* 
3223 4990 2854 2028 1148 | 786 
3788 3003 2447 2702 | 1097 745 
2957 2900 2313 3642 1056 720 
2077 2833 2364 2174 1126 720 
1972 2344 2313 2067 1104 733 
393171* | 513658* |595657* | 687017* |733536* | 759862* 
3637 2115 2283 1972 1090 733 
10532 7142 2385 1934 1063 733 
3366 | 3318 1981 2125 967 692 
3366 | 2968 2811 2212 942 681 
2900 | 529201*| 4376 2018 942 642 
2067 | 2067 | 697278* 922 763343* 
419039* 611560* |739462* 














When regulation curves are computed over more 
years, an interrupted curve is often obtained. This 
occurs as shown in Fig. 4, when a year with favour- 
able conditions involving a lower grade of regulation 
follows a less favourable year. The second year gives 
a maximum regulated flow of q,, requiring a storage 
capacity of S,. The same regulated flow during the 
first year requires a reservoir capacity of S,. It is im- 
plied here that S,<S,, and if the water is carried 
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over from the first to the second year, the regulation 
curve will get an interruption corresponding to the 
difference S, — S, at a flow of q,». 

When water is carried over from one year to an- 
other, the calculations are most conveniently tabu- 
lated as in Table 3. This shows four selected years 
from R6ldalsvatn hydrometric station, Norway. On 
Fig. 5, the same years are reproduced to a reduced 
size. 

Regulated discharge, expressed in cu. m. per sec., 
is the independent variable here, and the storage 
capacities in million cu. m. required for keeping this 
flow, is entered in the yearly columns. The curve con- 
stant is 36 cu. m. per sec. To be able to maintain this 
flow during the year 1922-23 and 1923-24, water had 
to be brought forward from previous years and reser- 
voir capacities of 688 and 750 million cu. m. were re- 
quired respectively. The filling of these reservoirs had 
to commence in 1920-21, which is indicated by arrows 
in Table 3. The maximum reservoir capacity was re- 
quired in 1921-22 to provide for the water require- 
ments in the following two deficient years. 

The average discharge over the regulation years 
and the corresponding reservoir capacities are listed 
at the foot of the table. As will be observed from Fig. 
5, the year 1923-24 gets an interrupted regulation 
curve at a flow of 34 cu. m. per sec., when water is 
carried over from previous years. This is entered in 
Table 3, with a small circle between the years 1922- 
23 and 1923-24, indicating that the tapping line is a 
tangent to the curve here. 

The regulation curves can be used directly when an 
increased steady flow is the object for regulation. This 
is very often the case in power-plant development. 
For irrigation purposes rainfall and agricultural con- 
ditions must also be taken into consideration and 
an uneven flow may often be found to be desirable 
and more economical. The appropriate variations of 
flow must then be considered within the limitations of 
the reservoir capacities. Estimates of this nature can 


be carried out directly on the summation curve. 

When observations are available for a great num- 
ber of years, the basic data for the regulation curves 
can be grouped in various ways. Under such condi- 
tions the establishment of the “median curve” will 
be found to be practicable. The available years of 
observations are then grouped into two equal parts 

of which the one half (50%) shows more-favourable 
and the other half (50%) less-favourable regulation 
conditions than the median curve. This curve is 
applied in cases where a water deficit can be permitted 
in half the number of years. 

An average curve can also be used in certain in- 
stances, but it has its disadvantages. Two slightly dif- 
ferent curves are derived depending upon whether 
the reservoir capacity or the regulated flow is shown 
as an independent variable. 

The “most-unfavourable regulation curve” is very 
important in many instances, when great safety is re- 
quired as in the case of a water-supply scheme. This 
is determined as the upper enveloping curve for the 
total series of available data. 

Depending upon the degree of safety required in 
water estimates, various kinds of regulation curves 
can be established. A 90% safety curve is commonly 
used in Norway, where this system has been de- 
veloped. This means that the power plant in question, 
under the suggested river regulation, will not receive 
enough water in one out of ten years to yield full 
capacity. 

The median curve, the most-unfavourable curve, 
and other percentage safety curves will only be estab- 
lished up to average discharge (q or 100%). There is 
no point in extending these curves further. Over a 
long period the regulated discharge cannot exceed the 
average discharge. 


FLOOD REDUCTION CURVES 
Following the same principles as for the regulation 
curves, the flood reduction curves for a gauging 









































TABLE. 2. 
REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES. 
RIVER.._.MBARAL/ STATION___..../GAW4 NO_/44. 4. CATCHMENT AREA___¢/9 __SQ.MILES. 
AVERAGE YEARLY RUNOFFs.__.... 365,000 .-ACRE FEETs__ SOS _____. cusecs 
STORAGE REGULATED FLOW LENGTH OF TAPPING PERIOD PERCENTAGES OF AVERAGES. i 
PACIT i} Ti 
we wid Msc: gen m oars. srorace| recuiareo Flow, %. | 
| acwe reer | 198s soso | 1987 | 1988 | 1989 ]| 1955 | 1956 | 1987 1958. f i989 |] %q | sss | 1986 | 19587 vse | i9s9 \ 
° 68 105 ris | ° ° o | (Oo ° ° us| 20.8| 22.8 
saoo| sss 185 184 | 69 76 77 | | 4 203| 36.6| 36.4| 
sacoo | 16e | ave 2's 76 | 93 | @9 | | 2.7 35.3 42.0 | 42.6 
s$000 | 199 | 237 242 | | 9s | sos | 0 | 47 394 | 46.9| 47.9 | 
| za000 | 222 | 263 263 | | soz | 126 | 116 5.5 440 | $20| 52.0) 
yoooo | 274 | 294 goo | | 116 | 168 | 138 8.2 s4.3 | s0.2| 594 | 
40000 | soz | sas 3s | | ss2_| ses | 187 11.0 $9.8 | 640! 66.3 | 
60,000 sos | 377 sos | | 164 191 7s 46.4 71.8 74.6 78.2 
@0000 423 | 424 | 450 | | 469 | 2/16 197 21.9 @3.7 | 85.9 | e9.0 | 
400,000 477 47/ sor | 497 22/ 203 27.4 94.4 93.5 | 99.2 
720.000 sis sao | 227. | 208 52.9 | 7020 | 10e7 | 
740,000 | sss 242 | 58.4 l joss || i 
160,000 sos | 248 43.9 778.0 | ieee: ze 
aon -_ 482 670 624 AT 9 253 2is a = 95.2 | 132.7 | 1235 °| 
= 702,000 |196,000 |/ss000| i - = — — — \ 280 =| «$3.7 41.9 | 
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station can be established. These 


TABLE 3 








relate the size of effective reservoir 


Regulated Discharge 


~ Reservoir "Capacity Required 














capacity on a river to the corres- | 1920-21_| 1921-22 | 1922-23 | 1923-04 
ponding maximum flood obtained ‘ | | —- - 
at m/sec. million m* 

under regulated conditions. It is 5 8 | 4 13 38 
then presumed that all reservoir 10 50 98 97 107 
capacities are utilised for cutting 15 | 111 172 195 183 
the flood peaks off in such a way a | cae Fo a 
as to get the maximum flow as even 30 386 421 523 | 453 
and as small as possible at the sta- 36 500 524 | | 
tion under condition. -————— 688 —/— 663 ->| 

The compuiation of regulated , —_——_- — IR sewn eY . Mee 3 
floods is conveniently done graphic- Average discharge _---|__41°6 |__38°8 31.0 |___ 34.0 
ally, as explained on the summation Reservoir capacity requirec| 608 566 . ae ate a 


curve for Igawa, Fig. 3. In this in- 
stance, the tapping lines are drawn 
as tangents to the original summation curve at the 
time when filling commences and at the same time as 
tangents to the parallel curves drawn at appropriate 
intervals. The distance between the original curve and 
the parallel one denotes the reservoir capacity under 
consideration. At the second tangent point, this par- 
ticular reservoir is filled and will remain full until 
tapping commences with the derived regulated flow, 
as already explained. The sizes of various reservoir 
capacities in question are marked on Fig. 3, at the 
time when the reservoir is full. 

Extracts from the curve are listed in Table 4. The 
values in the second part of Table 4 are computed in 
percentage of the same yearly average as the regula- 
tion curves, vide Table 2. The purpose of the relative 
computations is for an extended use of the data. When 
a flood reduction curve is expressed as a percentage, 
it can, to a certain extent, also be applied in other 
catchments and for other points on the same river, 
provided hydrological conditions are more or less 
identical. A special table can be made for the length 
of the filling period if required. 


General Considerations 

In Fig. 6 are plotted the regulation curves and the 
flood reduction curves for Igawa. As will be seen the 
three regulation curves show a very small difference. 
This is due to the fact that there is no appreciable 
rainfall influencing the river flow during the dry sea- 
son, and that the river depletion curves thus become 
approximately parallel and of about equal length 
from year to year. The regulation curves are plotted 





up to the point showing an even flow throughout the 
whole regulation year. The flood reduction curves 
vary more from year to year and as a result of this, 
estimates of flood control become more uncertain. 
It is recommended that the most unfavourable curve 
be chosen for safety. 


It can be mentioned that 1956 was a very heavy 
rainfall year, not only for the Mbarali area but more 
or less for the whole south-eastern part of Tangan- 
vika. At many stations the 1956 rainfall is the maxi- 
mum ever observed. The flood reduction curve for 
this year can therefore be considered as very un- 
favourable and be applied in calculations on flood 
control. 

When a reservoir is situated in the headwaters of 
the catchment and is a great distance from the utilisa- 
tion point, the filling possibilities must be studied 
separately and carefully. If such a reservoir can be 
filled, its actual location should not really matter for 
the corresponding regulation curve. In some areas, 
however, the loss of water in the dry season will in- 
crease as the river flow increases. This merely means 
that the losses from the stretch of the river considered 
will be higher when more water is available. This 
factor must be studied separately. 


The flood reduction curves will only apply if the 
actual flood contribution from the partial unregulated 
sub-catchment between the reservoir and the utilisa- 
tion point does not exceed the computed regulated 
flood. For this purpose a reservoir can contribute only 
to the extent of regulation of its own catchment. 


TABLE 4.—MBARALI RIVER AT IGAWA 





~ Stora ge 


Regulation effects of various storage capacities. 























capacity Maximum Flood after Percentages 
acre/ft ____Regulation. _cusecs. | ___ as padiiinies 
‘ ; Reser- Regulated Flood 
S 1955 1956 1957 voir 1955 1956..—S 1957 
—o | 3100 | 9300 | 6,800 | 0-0 - 614 +&2«| 1842 | 41,347 
10,000 | 1,085 | 1.910 1,770 | 2-7 215 378 350 
30.000 | 840 | 1,700 1.575 | 5:5 166 337 312 
30.000 775 | 1,540 1,410 8-2 153 305 | 279 
40,000 730 | 1,470 1,270 11-0 144 | 291 251 
60.000 640 | 1.350 1060 | 16:5 127 267 210 
80,000 | 560 | 1,230 950 | 21-9 l 111 | 244 188 
100.000 1,120 850 | 27°4 222 168 
120.000 1,020 755 | 32-9 | 202 150 
140,000 | 920 | 38°4 182 
160.000 830 | 43-9 | 164 
|__482_|___—670_—| Si | Lene te) ile 2 els 
— es 102.000 | 196,000 153.000 — 28-0 | 53-7 ee 
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Afflux Summation Curves 

If existing lakes in the catchment are proposed 
to be utilised for regulation, summation curves should 
be established taking the natura/ regulation effect of 
these into account. This is calculated from their regu- 
lar water-level observations and storage-capacity 
curves. It is not necessary to compute the difference 
in storage capacity from time to time. A second com- 
bined summation curve is established in which five 
days’ progressive run-off, similar to those given in 
Table 1, and the corresponding capacity of the reser- 
voir are added together. The storage capacity curve 
can be established for this purpose from an arbitrary 
datum level. If there is a significant distance between 
the lake in question and the discharge gauging point. 
the time taken by the water to travel from the lake 
to the gauging station must be taken into considera- 
tion. 

When the afflux summation curve is established 
and thus the natural regulation effect of a lake elim- 
inated, the designed lake storage in its full capacity 
can be applied in calculation of regulation yield. 

When establishing afflux summation curves in a 
warmer climate, evaporation losses from the surface 
of the lake or reservoir must be considered carefully. 
For lake regulation, however, it will often be found 
convenient and practical to let the curve represent 
inflow minus evaporation, the total of which is the 
water available to play with. 

If it is not proposed to utilise a lake for river regu- 
lation, the summation curve for gauging stations far- 
ther downstream should be established without con- 
sidering its natural effect. On the other hand, if the 
regulation curve from this catchment has to be trans- 
ferred to an adjacent area with no lakes as a natural 
regulation factor, the afflux summation curve should 
be applied for the calculation. 

After reservoirs are constructed on a river, the 
storage effect of these must be taken into account in 
order to get summation curves conforming to natural 
conditions. 


Examples on Application of Regulation Curves 
A median regulation curve expressed as percentages 
is given as follows: 








q | S§ qi S ; 
55 14-0 
12 0-0 60 16°6 
15 0-4 65 19-3 
20 1-6 70 22:1 
25 2:8 75 25-0 
30 4:1 80 28-0 
35 5-6 85 31-4 
40 7:4 90 35-2 
45 9-4 95 39-7 
50 11-6 100 45-3 











Let us assume that this is a yearly regulation curve, 
with no water carried over from previous years. A 
perennial regulation curve usually becomes more un- 
favourable for higher regulation percentages than 
these figures will indicate. 

Example 1: Suppose that this regulation curve is 
established for a catchment A, where the average 
annual run-off is 1 million acre feet (1,383 cusecs). A 
reservoir is surveyed and the effective capacity cal- 


Fig. 5. Regulated discharge diagram of Réldalsvatn 
hydrometric station, Norway 
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culated to 250,000 acre feet. This gives a storage per- 
centage of 25. The reservoir is located at A or in such 
a place in the catchment that it can be filled in a 
median year. From the curve a regulation percentage 
of 75 is extracted which corresponds to a regulated 
discharge of 1,037 cusecs. The median minimum rate 
of flow is 12% (166 cusecs) and the increase of river 
flow due to regulation is (1,037 —- 166) cusecs= 871 
cusecs. 

Example 2: Suppose now that the water utilisation 
point is not at the dam site A, but at a point B farther 
downstream. No river flow records exist for B, but 
the type of catchment, exposure and orientation is 
about the same at A, and the river flow can be esti- 
mated to be say 50% more than at A (1°5 million 
acre feet or 2,075 cusecs). 

Using the same regulation curve, the calculations 
will be as follows: 


= 16°67 
= 60-1 
— 1,247 cusecs 


Storage percentage ... 
Regulation percentage 

Regulated flow ap - re 
Increase in river flow (1247 — 249) 


cusecs = - ania ... = 998 
Increase from calculation in 
Example | (998-871) cusecs ... = 127 ,, 


It will be seen that when hydrological conditions 
are relatively the same, it is more economical, purely 
from a hydrological point of view, to build or utilise 
a reservoir in a large catchment than in a small one. 
The storage percentage is less and thus the tapping 
period shorter for the same size of reservoir. The 
yield therefore becomes correspondingly higher. The 
example is as illustrated in Fig. 7. If an even flow 
is required at B the flow at A becomes uneven as 
shown by the curve bid. The regulated flow at A, as 
defined in this article, is determined by the same 
regulation percentage as at B, 60°1% of the average 
which is equivalent to 831 cusecs. The average flow 
over the tapping period at A is still 1,037 cusecs. 

If there are more points on the same river where 
regulated flow must be calculated, the procedure is 
as follows: 

1. Points between A and 3 get the same regulation 
percentage as at B. 

2. Points downstream of B get the same increase 
in river flow as B. 

If the point is far downstream, evaporation losses 
must be taken into consideration. 

If the low flood period for B and points farther 
downstream do not coincide, the regulation will have 
a decreasing effect for the downstream stretch of the 
river. This can be seen from graphs similar to those 
in Fig. 7 when the two points c and A occur at dif- 
ferent times. 

Example 3. Suppose that two utilisation points are 
located as on Fig. 8. In A’s catchment is a reservoir 
S, and between A and B is another S,. If the storage 
percentage for A is greater than for B the reservoir 
S, should be considered as regulating the partial sub- 
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Fig. 7. The downstream decreasing effect of regulation at low flood periods 
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Fig. 8. Scheme of two 
utilisation points 
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to work 
for bigger profits 


THE HIGH CAPACITY PORTABLE WITH LOW OPERATING COSTS 


Put \ 


Wherever there is a demand for the larger portable compressor, the 

Atlas Copco Twin-Air is a proposition that pays! The Twin-Air gives a smooth, 
surge-free air flow together with the overall operating efficiency only a two-stage 
machine can offer. With this design—completely different from all other types— 
no contact takes place between the rotors or between the rotors and the 
housing. Cutting maintenance costs to a minimum, the Twin-Air increases 

the profit margin on any contract. 


; _ PR7-—-365 c.f.m. (10.3m*/min) 
Available in 2 models: ppg 600 c.f.m. (17.0m3/min) 


3 famous power units to choose from | az | 
DIESEL 


POWER 


Atlas Copco puts compressed air to work for the worid 


Contact your loca! company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 
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catchment between A and B only. The discharge at A 
is calculated separately and the actual regulated flow 
at B will be the total of these two. If on the other 
hand the storage percentage at B is greater than at A, 
the storage S, would enable the regulation of some of 
the water from A. The regulated flow at B is there- 
fore calculated for the entire catchment, taking both 
reservoirs as one. The regulated flow at A would be 
as previously calculated. 


These are but a very few generalised examples on 
the application of regulation curves. In practice many 
special factors may come into the calculations, draw- 
off for irrigation, short-time regulation, special laws 
and rules for water utilisation, etc. It has nevertheless 
been hoped that the general method has been ex- 
plained in such a manner that it can be applied by the 
reader, as and when required, to the particular prob- 
lems with which he is faced. 





Chute-des-Passes Turbines 





One of the turbine pits at Chute-des-Passes with installation work in progress 


The first two of five 200,000 h.p. hydraulic turbines, 
the most powerful in North America, are now in 
commercial operation at the Chute-des-Passes power 
plant of Northern Quebec, Canada. Each has a rating 
20% higher than the units at Grand Coulee on the 
Columbia River. The project, which was described 
in WATER Power, May 1959, issue, is to provide addi- 
tional electricity for the smelters of Aluminum Com- 
pany of Canada Limited, and will cost $150 million. 
When it comes into full operation, early in 1960, it 
will increase the capacity of Alcan’s and its affiliates’ 
Saguenay hydro-electric system in Northern Quebec 
by nearly a third, to a total of 3,600,000 h.p. All five 
turbines were designed by The English Electric Co. 
Ltd., Rugby, England, and built by the John Inglis 
Co. Ltd., Toronto, a member of the English Electric 
Group. An interesting feature is that the governors for 
the vertical Francis turbines are of the magnetic- 
amplifier type, permitting all five turbines in the power 
station to be controlled together as a single machine. 
This is relatively new to North America, and the 
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Chute-des-Passes power station is the first million 
horsepower plant to use this system. The station itself 
is underground, some 450 ft. below the surface, and 
is fed by the water from nearby Lake Peribonka by 
a six-mile long concrete-lined tunnel 34 ft. in diameter. 
At the net head of 540 ft. each turbine develops 
200,000 h.p., but at the maximum head of 640 ft. 
each is estimated to have an output of 265,000 h.p. 


Glenfield Cone Valves 


Essentially the cone valve is similar to a conven- 
tional plug cock, having the plug axis either vertical 
or horizontal and being readily arranged for driving 
by manual, electric, hydraulic or pneumatc power. 
Glenfield & Kennedy Limited have fairly recently 
issued a range of valves in regular sizes from 15 to 
48 in. in diameter and for working pressures from a 
head of 289 to 580 ft. The seats are of Monel metal, 
deposited by weld on the parent metal and machined 
to match the plug faces. The actuating mechanism, 
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* Powerful digging . . long throw 


* Central lubrication 


* Vital parts completely protected 


* Reduced operator fatigue 
* Safer to work with 





LM56 SHOVEL LOADER lJoads 65 cu. yds. an hour 


Digs Deep . . . fills long cars to capacity 

Bucket operating and traction motors are of the vane type— 
rapid in action, simple in design. The LM56 has a higher total 
motor capacity than any comparable machine. The bucket bites 
deeply into the muck pile and becomes well filled. With its strong 
and rapid throw, the LMS56 fills even long cars to capacity. 
Central lubrication simplifies maintenance 

Synchronized to the working tempo of the loader, the central 
lubricator supplies the right quantity of oil to the right part of 
the machine at the right moment. The daily control can thus be 
confined to one lubrication point only. Oil delivery is easily 
regulated by a screw on top of the lubricator and checked 
through a glass tube. 

Vital parts completely protected 

LMS6 is not affected by the water and dirt that surround it 
underground. The vital parts are completely protected by special 
sealings, and the amply proportioned gears are made to with- 
stand the stresses of rough work. That is why it gives long and 
reliable service under the toughest conditions. 

Special silencers and new controls reduce operator fatigue 

LM5S6 is remarkably silent running and easily operated. Each 
motor is fitted with a separate absorption silencer enclosed in 
the gear box. 





Loading capacity is commonly given as theoretical capa- 
city, obtained by multiplying the loading cycle with the 
bucket capacity. Such ideal conditions may conceivably 
be approached when loading sand or gravel. The capacity 
of LMS56 is a realistic average obtained from numerous 
time studies of ore loading under normal working conditions. 











Smooth working air controls, of a completely new design, are 
also fitted with special silencers. 

Safer to work with 

LMS6 is carefully designed for maximum safety. One quick 
movement of a valve lever and the machine is immediately shut 
off and cleared of air. This makes service and repair work safer 
and easier. The air control levers are easily locked in a neutral 
position so that the machine cannot be set in motion by acci- 
dent. The operator’s feet are protected by a safety rail in front 
of the wheels. 

A complete range of compressed air equipment 

Atlas Copco manufactures portable and stationary compres- 
sors, rock-drilling equipment, loaders, pneumatic tools and 
paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to 


Atlas Copco AB, Stockholm 1, Sweden, or Atlas Copco (Great Britain) Limited, Beresford Avenue, Wembley, Middlesex. 
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which is the same whatever form of power is used, 
is designed to lift the plug free of its seatings, turn 
it about its axis through 90°, and reseat it at the end 
of its travel. 

Standard valves are designed for use in the fully 
open or fully closed positions only and as the bore 
of the plug coincides with that of the body, the 
waterway contains no pockets where very low pres- 
sures could form or cavitation occur. The valve is 
supplied complete with local or remote-control push 
buttons, local indication of the seated and unseated 
position, and limit switches for turning the operating 
motor. In addition, provision is made for manual 
operation in the event of a power failure and the 
gear incorporates safety interlock switches to guard 
against any untoward experiences. A full account of 
this series of valves is given in the December issue of 
the Glenfield Gazette. 


Portland Hydraulic Rack Rake 


The accompanying illustration depicts a new design 
of trashrack rake developed by The Portland Com- 
pany, 58 Fore Street, Portland, Maine. The teeth 
of the rake can be opened and closed by a hydraulic 
mechanism incorporated in the rake head and sup- 
plied through flexible tubes from a hydraulic power 
unit on the traversing carriage. When the rake is be- 
ing lowered the teeth hang vertically; they thus ride 
clear of obstructions on the rack and dig into any 
accumulation at the bottom of the rack. The teeth 
are then closed to the horizontal position, so that on 
the upward travel of the rake the bottom accumula- 
tion is removed and all debris on the rack bars is 
lifted away. 

No channel guides or other special attachments 
are needed, as the rake is furnished with flanged 
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wheels which register with the rack bars but can ride 
over any obstructions on the downward travel. 

The hoist carriage can be arranged with a trash 
hopper for a sluiceway, with a built-in trash car, or to 
feed separate trash cars. Power operation is normally 
supplied for both rake operation and carriage tra- 
verse, but a hand traverse can be supplied if preferred. 

The Portland hydraulic rack rake can be handled 
by one man, and the illustration shows one man re- 
trieving a waierladen jog that was dredged up from 
the bottom. 


Motor for Vibrating Drives 


A new electric motor specially designed for vibrat- 
ing drives, the first of its type to be made in the 
United Kingdom, is being produced jointly by The 
English Electric Company Limited and the Grantham 
Electrical Engineering Company Limited. 

The completely self-contained unit provides an 
inexpensive and reliable drive by eliminating all the 
mechanical parts associated with an eccentric shaft 
arrangement. Vibration is generated by out-of-balance 





weights at either end of the motor which can easily 
be adjusted by single bolts to give the required output. 
Tests have shown that a bearing life of many thou- 
sand hours can be expected. 

The motor is totally enclosed, dust-proof and 
weather-proof. The frame is of nodular cast iron, with 
integral feet, and the shaft is of high tensile steel to 
withstand the high centrifugal forces to which it is 
subjected. Because of its vibrating motion, the motor 
must be mounted on a resilient base. Operating at 
1,500 r.p.m. synchronous speed, it has a power output 
of up to 7,500 Ib. centrifugal force, or 10,000 Ib. at 
3,000 r.p.m., which is ample for all applications at 
present envisaged. The motor is operated from a 
3-phase 50-cycle supply at 110-650 V. Greater out- 
puts and other supply frequencies can be provided. 

It can be used wherever a vibrating motion is re- 
quired. Typical examples are drives for screening, 
hopper and continuous drying systems (especially 
those for dealing with loose material in bulk quanti- 
ties), tamping equipment (e.g. for pre-cast concrete) 
and machines for breaking or grinding down material 
such as granite. 

Various sizes are available equipped with 4 to 14 
h.p. motors and exerting a centrifugal force of from 
2,000 to 7.408 lb. The new motor is being marketed 
by both English Electric, Bradford, and the Grantham 
Electrical Engineering Company. 6 Wharf Road, 
Grantham, Lincs. 
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Power Stations 
and Substations 


Sécheron Works Co Ltd, Geneva, 
the specialists in the electrotechnical 
field, supply all kinds of equipment 
for complete power stations and 
substations : 


High capacity A.C. and D.C. motors 
and generators. Power transformers 
of all sizes and voltages. Automatic 
regulators for various types of 
controls. Pumpless mercury arc 


Sécheron rectifiers, semi-conductor rectifiers. 

Further lines of production: Electric 
traction equipment, Welding sets and 
electrodes. 








+ 


S.A. des Ateliers de Sécheron, Geneva, Switzerland 
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Abstracts from the 
World Technical Press 


Cableway Towers in Czechoslovakia 

This article is devoted to the three sets of cableway 
towers, moving on parallel tracks, which were used 
at the construction site of the Orlik dam. The head 
towers, the largest of their kind ever made in Czecho- 
slovakia, have the following characteristics: capacity, 
20 tons; buckets, 6-5 cu. m.; span, 695 m.; hoist, 120 
m.; hoisting speed, 130 m. per min.; hoist motors, 
2 x 255 kW; crab travel, 2 x 255 kW; tower travel, 
2 x 66 kW; carrying cable tightening, 2 x 12 kW; 
rubber cable winding, 2 x 2-5 kW. Ward-Leonard-set 
driving motor, 850 kW; two 550 kW d.c. generators. 
The base of each tower is a massive undercarriage 
of welded solid-web girders, mounted on four vertical 
and two horizontal bogies with a total number of 
48 travelling wheels. The tower proper. rectangular 
in plan, is a closed structure with several floors on 
which are accommodated the drive for the tower, the 
cable guides for the winches, the engine room with 
the cable winches, and, at the top, the room for the 
Ward-Leonard set and other electrical equipment. 
From the front wall of the upper foor, a 25 m. boom 
slants upwards, carrying at its tip a control cabin of 
light metal from the desk of which the operator directs 
all the operation of the tower. There are two levers 
for crab travel and hoist, and two pedal switches each 
governing one direction of travel of the whole tower. 
The cabin, which is well insulated against extreme 
differences of temperature, is fitted with a defroster 
and window wipers. A telephone connects the operator 
with the winch and electrical machinery rooms in the 
tower; otherwise, wireless control is used throughout, 
thus ensuring accuracy of operations even when visi- 
bility is poor. The tail towers are considerably simpler 
in design and construction; otherwise the tower drive 
and the winding equipment of the electric cables are 
similar to those of the head towers. The carrying 
cables are tightened by 16 pulley blocks with electric 
winches. (Vaclav Nevrly, Indian Journal of Power and 
River Valley Development, Vol. IX, No. 8, August 
1959, p. 23, 6 pp.. 8 ff.) 

Note: A more detailed article on the same subject 
by the same author, who actually designed the Orlik 
cableway towers, appears in Czechoslovak Heavy 
Industry, No. 12, 1959, p. 2, 11 pp.. 11 ff.) 





The Zervreila Hydro-electric System 

This chain of three plants harnesses the waters of 
the upper Vals and Safien va!leys. The characteristic 
feature of the scheme is that the water impounded, 
instead of flowing naturally into the Vorderrhein. is 
diverted through pressure tunnels aggregating 34-5 
km. in length to Rothenbrunnen, the downstream 
plant of the chain, whence it reaches the Hinterrhein 
which, at th's point, lies 1,200 m. below. Construc- 
tion work was therefore spread over three valleys 
through tunnels driven across two mountain ridges. 
At the uppermost end of the catchment, the Zervreila 
hollow offered an uncommonly favourable storage 
possibility, and the reservoir created by the 150 m. 
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high dam at the narrow downstream end of the hollow 
has a useful capacity of no less than 100 million cu. 
m. of water. A rockfill dam closes the Vals to form 
a balancing reservoir which receives the discharge of 
the two 10,000 kW turbines of the power house built 
on the left bank, close to the toe of the Zervreila dam. 
In the summer months, the required additional 
volume of power water is conveyed from the Peiler- 
bach to the Zervreila balancing reservoir, whence two 
3,000 kW pumping sets, provided in the power house, 
lift it into the main reservoir. A gravity tunnel con- 
veys the discharge of the Zervreila plant to a second 
balancing reservoir at Wanna, in the upper Safien 
Valley and farther downstream, through a surge tank 
and a pressure shaft, to the two 37.500 kW turbines 
of the Safien-Platz plant, which, in its turn, discharges 
into a third balancing reservoir. From this reservoir, 
a pressure tunnel and a pressure shaft feed the three 
37,500 kW turbines of the Rothenbrunner plant, the 
final stage of the system, which lies close to the 
10-year-old 25,000 kW generating plant at Rabusa, 
now amalgamated with the Zervreila system. The 
scheme’s average annual production is assessed at 
530 million kWh, of which 320 million kWh are 
available during the winter months. An overhead line 
transmits the energy produced at Zervreila to the 
50/150 kV outdoor switchyard and transformer 
station at Safien Platz, whence it proceeds by means 
of a double line to the Rotherbrunner switchyard and 
transformer station, where the three partners of the 
Zervreila group (Kraftwerke Sernf-Niederenbach 
A.G., Schwanden; Motor-Columbus A.G., Baden; 
Nordostschweizerische Kraftwerkr A.G., Baden) can 
draw their supply at either 150 or 220 kV, as re- 
quired. The contracts for construction work and 
supply of equipment were placed on June 24, 1953. 
Impounding at Zervreila began about four years later, 
and after the commissioning of the power plants in 
1957 and 1958 the installations were officially inaugu- 
rated on September 5, 1959. (Bulletin de I’ Association 
Suisse des Electriciens, Vol. 50, No. 22, October 24, 
1959, pp. 1097/1098, 2 ff.) 


The Lipno Dam 

This Vitava dam, 296 m. long at the crest, is a 
composite structure which comprises a gravity con- 
crete spillway section on the left bank, and an earth- 
fill section on the right bank. This article deals on the 
main with the major problems encountered in the 
building up of the earthfill bank, which takes no less 
than 208-5 m. of the whole length of the dam. The 
two dam sections were built each in a separate founda- 
tion pit, the gravity section first. from 1952 to 1956. 
and the earthfill bank from 1956 to 1957. Founding 
the earthfill on the river bed and on the right bank 
presented awkward difficulties, since the whole of the 
right bank of the Vitava river at the dam site consists 
of detrital material, which, in addition to being in- 
adequately impervious, is not easy to use in earth and 
foundation work. To ensure the imperviousness of 
the earthfill foundation, a concrete curtain 2:5 to 3 
m. thick, was sunk right down to the sound rock, 
about 20 m. below the surface. This concrete curtain 
bears off in plan from the axis of the dam so as to 
connect with the impervious clay core which slants 
down from the top of the dam. The curtain is founded 
on ten 3:5 x 14-4 m. caissons within the river bed 
proper, and, without, on eleven 2:5 x 12 m. timbered 
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Wherever a Fordson tractor can go, there’s a 
reliable source of air power for road making, 
road maintenance, concrete breaking, pumping, 
demolition, and heavy work of all kinds. 
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pits. Upon completion, the pits were used for drilling 
grouting holes into the foundation rock, at the rate, 
in each pit, of six core holes, and three control holes 
averaging 20 m. in depth. In three of the lower sited 
pits, affected by substantial water intrusion, grout 
was gradually injected behind the timbering to fill 
hollows scooped out by the water and the whole space 
between the rock and the timbering. Most careful 
attention was devoted to this particular job, especially 
after pit No. 10 had collapsed. The portion of the 
curtain founded on caissons proved a much easier 
proposition, and there was no trouble, except at the 
caisson nearest the left bank. While being sunk, it 
reached the bedrock sooner than forecast from the 
geological profile and concreting progressed with the 
sinking of the caisson. Building up of the bank on 
the foundation platform was ready to begin at the end 
of July 1956, but owing to very bad weather in August 
and October, only 35,000 cu. m. of fill, a mere 13% 
of the total volume, had been placed by the end of the 
year, most of it in the stabilisation zone. This left 
about 220,000 cu. m. of fill (160,000 cu. m. of un- 
screened clay) to be placed during the first seven 
months of 1957. The highest monthly figure was 
attained in July, when 40,037 cu. m. were placed, the 
record for 24 hours being 2,950 cu. m. The high stan- 
dard of the work was proved by control measure- 
ments taken during the summer months of 1958: be- 
tween October 1957 and June 1958, there was a 
settling of the dam bank of no more than 32 mm. A 
detailed account of the tests carried out in the various 
zones of the bank occupy almost two pages of the 
article, which also includes sections on the construc- 
tion plant and on the mechanical equipment used in 
the building up of the earthfill dam. (Ing. Jan Skalicky, 
Inien¥rské Stavby, Vol. 7, 1959; No. 9, p. 322; No. 
10, October 1959, p. 381; 4 pp., 2 ff.) 


Vv 
Trebisnjica River Development 

Before listing briefly the main features of this two- 
stage development, the author discusses at length the 
conditions, hydrological, geological and other, obtain- 
ing in the Karst, a region unlike any other in Europe, 
consisting of fissured limestone which enables rivers 
to emerge from nowhere and vanish into the ground 
just as unexpectedly, to reappear and disappear again 
miles away. Characteristic of this south-western part 
of Yugoslavia, which actually constitutes its Adriatic 
catchment, are the valleys called “polje” (polyeh). 
They are closed at either end by steep rock ridges, and 
having no surface outlet, they collect the rainfall and 
empty through holes in their floor or at the foot of 
their steep banks. In the autumn and winter, when the 
rain intake exceeds the discharge capacity of their 
natural dewatering system, lakes are formed which at 
times flood the surrounding country; at the beginning 
of the following summer they simply disappear, leav- 
ing the “polje” available for a short but useful period 
of cultivation. The Trebisnjica is just one of those 
typical Karst rivers that indulge in this perennial game 
of hide-and-seek, but the development possibilities 
it offers were too favourable to be missed. Field in- 
vestigations and preliminary studies were put in hand 
in 1954, a project has since been worked out, and con- 
struction work is to start in the near future. In spite 
of the fact that most of its catchment is underground, 
extensive observations, supported by the use of dyes, 
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have led to a fairly accurate delimitation of its boun- 
daries. The visible four main sources of the river lie 
south of the town of Bileca, 330 m. above sea 
level, at the toe of a terrace which rises to over 420 
m. The largest, called Dejanova petina, is located in 
a cavern accessible, at times, to a fairly great distance, 
and it is from this cavern that in winter and spring 
the TribiSnjica appears as a sizable stream which 
flows southward through the _ sparsely-inhabited 
MiruSa valley. A few miles north of the sharp bend 
of the river to the west, near Gran¢arevo, the valley 
is reduced to a narrow gorge to be closed by a 102 m. 
high dome-type dam, which, following comparative 
studies, was considered the most economical solution. 
The major part of the MiruSa valley will thus become 
a 17 km. long reservoir covering a storage area of 
2.800 hectares. The Granéarevo plant at the foot of 
the dam will house four vertical Francis turbines 
operating from a mean net head of 83 m. These will 
have an installed capacity of 160 MW and an annual 
production of 500 GWh. Downstream from Gran- 
¢arevo, a 13 km. long balancing reservoir will be set 
up, on the one hand to equalise the supply of power 
water between Granéavero and the downstream plant 
at Dubrovnik on the Adriatic Sea, and on the other, 
to store the peak of the floods caused in the region 
below Granéarevo by the periodical swelling of the 
SuCica torrent, a left-bank tributary of the TrebiSnjica. 
This uncommonly large balancing reservoir will be 
closed at Gorica by a 32 m. high dam incorporating 
a spillway block controlled by flap gates and a desilt- 
ing culvert. Close behind will be the inlets to the two 
power tunnels of the Dubrovnik plant. This plant is 
to be erected in two constructional stages; one of the 
power tunnels, 15 km. long, 6-0 m. in diameter, a 
concrete conduit 1:17 km. long and 5-4 m. in diameter, 
two vertical 270 m. deep pressure shafts 4-1/3-1 m. 
in diameter, and a 450 m. long gravity tailrace tunnel, 
9:7 m. in diameter, leading from the underground 
power house to the sea. The surge tanks of the two 
systems are interconnected. The Dubrovnik machine 
hall will house four vertical-shaft Francis turbines 
operating under a mean net head of 270 m., and 
designed for an aggregate discharge capacity of 180 
cu. m. per sec. Its installed capacity will be 416 MW, 
and the yearly production is assessed at 1,900 GWh. 
(Ing. Edmund Klameth, Die Wasserwirtschaft, Vol. 
49, No. 11, November 1959, p. 293, 6 pp., 9 ff.) 

Note: The above issue of Die Wasserwirtschaft 
contains an interesting general survey, by Ing. Josef 
Bartsch, AEG Frankfurt-on-Main, of the progress 
made in turbines and generators as used today in 
recent hydro-electric developments, pumped-storage 
plants included. (p. 282, 7 pp., 12 ff.) 


The Power Potential of Rivers 

The power potential of modern hydro systems is 
a complex problem, and present methods of deter- 
mining it are not entirely satisfactory. According to 
the method described in this paper the energy poten- 
tial of a river is determined by regulating the total 
power production of the system instead of the flow 
at a particular site. The proposed method is a genera- 
lisation of the concepts introduced by Don Johnstone 
and John W. Hackney, and determines the following 
quantities: (1) total power and energy production of 
the system; (2) installations of the individual plants, 
based on a given prime system load factor. The paper 
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gives the theoretical basis for the computation and 
includes an example of the application of the method 
to a typical hydro system. (G. S. Cavadias, The 
Engineering Journal, Vol. 42, No. 10, October 1959, 
p. 103, 5 pp.. 6 ff.) 


Vesdre Development 

The gravity arch dam built near Eupen across the 
Vesdre river, downstream from its confluence with 
the Getsbach, one of its left-bank tributaries, marks 
the first step in carrying into effect an extensive pro- 
gramme of multi-purpose schemes. Following the im- 
pounding of part of the Helle river waters by means 
of a 1,200 m. tunnel, the catchment area of the scheme 
has increased from 69:2 sq. km. to 105-95 sq. km., 
and the reservoir, with a useful capacity of 25 mil- 
lion cu. m., will now be able to meet actual require- 
ments of 71.500 cu. m. a day. The dam itself, about 
410 m. in length, has a radius of 375 m., is 55 m. thick 
at the base, 8 m. at the top, and carries an 11 m. road- 
way with cantilever footways at the top. The dam is 
a concrete structure, with a watertight concrete facing 
upstream, and consists otherwise of blocks of mass 
concrete 15 m. x 6 m., 2 to 3 m. thick, cast on site 
and laid overlapping. The spillway consists of two 
12:5 m. wide openings designed for an aggregate dis- 
charge of 230 cu. m. per sec., equal to three times the 
highest flood recorded heretofore, and of a stepped 
energy dissipator. The generating equipment com- 
prises two 600 KVA and a 200 kVA sets which, to- 
gether with the 400 kVA available at the purification 
plant, can supply 3 to 4 million kWh a year, exclusive 
of internal service requirements. (La Technique de 
l'Eau, Vol. XIII, No. 154, October 15, 1959, p. 32.) 


Whitedog Falls and Caribou Falls 

A comprehensive description is given of these two 
projects on the Winnipeg and English rivers, designed 
by the Ontario Hydro engineering staff and carried 
into effect as a combined operation by the Ontario 
Hydro Construction Division. Whitedog Falls, 17 
miles north of Minaki on the main C.N.R. line, has 
a rated head of 50 ft. and a rated capacity of 81,000 
h.p., the corresponding figures for Caribou Falls, 17 
miles farther to the north-west, being 58 ft. and 
102,000 h.p. The installations of the two developments 
and construction work are described at length. (N. S. 
Haines, The Engineering Journal, Vol. 42, No. 10, 
October 1959, p. 73, 12 pp., 11 ff.) 


Hotzenwald Project 

This new long-term project of the Schluchsee A.G., 
Freiburg, is to harness in three pumped-storage plants 
the waters of the Hotzenwald, which form the 
southern part of the Black Forest between the Hauen- 
steiner Alb and the Wehra rivers. The backbone of 
the new development will be the 60 million cu. m. 
storage reservoir created by an 85 m. high dam across 
the Schwarzenbichle in the upper catchment area of 
the Hauensteiner Alb. The normal water supply 
available is to be supplemented by water pumped 
from the Rhine, and the 640 m. head between the 
Lindau reservoir and the Rhine at Sackingen is to 
be utilised in two underground plants: Hierholz, up- 
stream, close to the southern tip of the reservoir, and 
Sackingen, downstream, north of the town of the 
same name. Two daily-storage reservoirs provided 
by smaller dams at Ibach, south of the Hierholz plant. 
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and at the Sulbach, north of the Sackingen plant, will 
act as balancing reservoirs. A pressure tunnel, 16 km. 
in aggregate length, will connect the two plants and 
the balancing reservoirs. The third stage of the system, 
utilising a head of 630 m. in an underground plant 
at Wehr, will be supplied from an upper reservoir 
near Hornberg and from a lower reservoir in the 
Wehra valley, upstream from Wehr. This third stage 
will be connected with the two other stages by means 
of an open conduit through which flood water of the 
Wehra, pumped into the Hornberg reservoir, will be 
diverted into the Lindau yearly reservoir. When com- 
pleted, this new system of peak-period plants will 
add a regulating capacity of about 1,780 MW to the 
West-German grid system; the average yearly produc- 
tion at peak periods is assessed at 1-5 TWh. The pro- 
ject is to be carried into effect within the next 15 to 
20 years. (Schr.. Wasserwirtschaft, Vol. 49, No. 10, 
October 1959, pp. 279-280. 1 map.) 
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Auneuias ements ie this pn can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minrmum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted a: £2 10s. Od. per 
column inc ch. 





HYDROLOGICAL ASSISTANTS 


required by NYASALAND GOVERNMENT Water De- 
velopment Department on contract for one tour of 3 years. 
Commencing salary according to age and experience in scale 
£905 rising to £1,265 a year. Gratuity at rate 10% of total 
salary drawn. Outfit allowance £30. Free passages for officer 
and wife with assistance towards children’s passages. Liberal 
leave on full salary. Candidates, of good education, must 
have had experience of stream gauging by current meter, 
float and weir measurement and a knowledge of field survey- 
ing. They should also have a good knowledge of mathe- 
matics. Experience in the construction of river works an 
advantage. Write to the Crown Agents, 4 Millbank, London, 
S.W.1. State age, name in block letters, full qualifications 
and experience, and quote M30/52861/WG. 


CONSTRUCTION EQUIPMENT FOR SALE 

One LIDGERWOOD Travelling Cableway, 20 U.S. capa- 
city, for a span of 438 m., complete with two 100 ft. high 
travelling towers and all necessary electrical and mechanical 
equipment. 





One HENDERSON 10-ton Electrically-driven Travelling 
Aerial Cableway with motions for hoisting and travelling, 
also for travelling of head and tail carriages, all operated 
by electric power by driver located on elevated platform on 
head support. Cableway arranged for a span of 1,180 ft. (360 
metres) and designed to suit future conversion to a span of 
1,443 ft. by provision of new ropes. 


One KENNEDY VAN SAUN Main Crusher—No. 30 of 
30 in. x 115 in. aperture, with 150 h.p. motor, 380 V, 150 
r.p.m. Complete with starter. 

Hidro Eléctrica Do Cavado, Rua De Sd Da Bandeira, 
567, Portugal. 


EDITORIAL ASSISTANT 


A YOUNG ENGINEER (25-35) will shortly be required 
as editorial assistant to this journal. His qualifications and 
experience should preferably, but not necessarily, be in civil 
or hydraulic engineering or in laboratory work. An aptitude 
for technical writing is essential and some knowledge of 
languages would be an advantage. The right candidate would 
be trained with a view to the eventual editorship. Applica- 
tions should be addressed to The Editor, WATER POWER. 
33 Tothill Street, Westminster, London, S.W.1. 
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Roxburgh... 


Photo by Otago Daily Times, Dunedin, New Zealand. 


8 DOMINION FRANCIS TURBINES 


FOR THE STATE HYDRO-ELECTRIC DEPARTMENT... 
NEW ZEALAND'S LARGEST HYDRO-ELECTRIC POWER DEVELOPMENT 


4- 56,000 HP turbines at 148 ft. Head now in service 
4- Additional turbines scheduled for completion by 1961 


= ENGINEERING 


COMPANY LIMITED 
P.O. Box 220, Montreal, Canada. Cable: Domworks 
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Scroll Case for 150,000 H.P. Neyrpic Turbine working 
under 785’ Net head, being machined in our shops. 












A Horizontal Shaft Leffel Turbine rated 3,200 H.P. 
FRANCIS under 425’ Net head, partly assembled. 


FIXED BLADE PROPELLER 
ADJUSTABLE BLADE PROPELLER 
AND IMPULSE TYPE TURBINES 


.. Canadian Vickers supplies and 
services complete Leffel Turbines and 
large Turbine components. 


©) VICKERS 


LIMITED 


MONTREAL e TORONTO Shop assembly of Vertical Leffel Turbine rated 3,000 
H.P. under 125’ Net head. 








Canadian Member of the Vickers Group 
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E TUBIFICIO 
DI BRESCIA 


formerly TU BITOGNI 


PENSTOCKS — VALVES — GATES 
AND ASSOCIATED EQUIPMENT FOR 
HYDRO-ELECTRIC PLANTS 


P.O. BOX 308 BRESCIA - Tel. 36.700 BRESCIA - Cable: ATUB - BRESCIA - ITALY 


United Kingdom Representatives: L. A. Poole & Co., Clun House, 17, Surrey Street, Strand, London, W.C.2. Tel. Covent Garden 0021/2 





90 MVA transformer with 
built-in tap changing gear, 
45 +9 x 3:03/10-SkV 
mobile with ON/OFF 
cooling. 





Transformers 
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August Lepper, Honnef/Rhein 


West Germany 
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CONTROL 
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RECTANGULAR 
UP TO 


100 sq ft 
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USED BY LEADING 








AUTHORITIES 

including f 
C.E.A. & L.C.C. 

LOCAL i 
TRANSMISSION _TOWERS or " 

— aoe wl oe e des nr ido — an and supply of REMOTE 

hays oe oe — ncluding galvanizing, CONTROL 

, ae Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
WOR nse sos Apabes ODLESB wees TELEP apes 45501 - 


TRADE —_— e ~~ MARK 
FL | CS 
LONCON OFFICE: 56 vic? OMA ST.,S.W.1 TELEP HONE: ABBEY 1ei3 


RPLE YS >:D 
CS A B Sek, 2 


London office: Hastings House, Norfolk Street, Strand, W.C.2 
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water turbines 





Last year another lasting contribution to 
technical progress and prosperity was made 
by NOHAB quality products. The Stor- 
norrfors Power Station, and with it the 
large Francis turbine above (three NOHAB 
turbines are installed there) was inaugurated 
on September 13, 1959. 


Below is a table of recent important orders 


for NOHAB turbines. 










































































Number and Head Output } } 
) ——— — > Speed | 
Power Station | type | Metric H. P. eee Comments 

of turbine te. | m. | per turbine | on | 

NOB RB ROR — l n 7 n00 6 . : 
ee 3 Francis = | 246-0 | 75-0 | 200.000 | 125 The most powerful water turbines in the 

weden | . . 
Aepsc | | world in service. 

: [om 0 27 nn -— | sen : . 7 
—— 2 Kaplan 170-6 | 52-0 87.200 | 150 | This is the highest head for which a Kap- 
sweden . . . 
is death 6906 | lan turbine has been installed in Sweden. 
Ser | 2 Kaplan [| a 120.200 | 115 | These will be the most powerful Kaplan 
weden | . . 

In service 1960 | turbines in Sweden. 
orcas, eee a pe ee = a Scale 
oo | i Francis | 147-6 —_ 51.000 | 4 With regard to dimensions, the largest 
orway | - : rf 
In service 1957 | | turbine in Norway. 
perry — | “oe oer re ER Ee ee ome 
— HET HILI | 1 Kaplan j} 113-0 34.4 80.000 | 125 | India’s largest Kaplan turbine in output 
dia | ° . 
ha service 1959 as well as dimensions. 
oe ee — a B Piatiier 
ay _heupiomnanaan | oe —-f ven 49.500 9 With regard to dimensions, South Ame- 
ruguay | n . +4 | s. 
In service 1959 rica’s largest turbines. 
; J ; ‘ ee nom | sm % ‘ 
FURNAS | 4 Francis 308-4 | 94-0 230.000 150 One of the most powerful water turbines 
azi | . 
In service 1962 | in the world. 








Ample supply of energy in convenient 
forms is a fundamental condition for our 
standards of living. NOHAB turbines help 
to produce electric power in water power 
plants all over the world. 





NYDQVIST & HOLM AKTIEBOLAG, TROLLHATTAN, SWEDEN 
Cables: NOHAB Phone: 18000 Telex: 5284 
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Typical Journal Bearing for 
horizontal Pelton Wheel 
driven Generator. Shaft dia- 
meter 21 inches, R.P.M. 428, 
Journal load 5! tons. 


MICHELL BEARINGS 


The original pivoted pad film lubricated 
bearings. They carry loads with complete 
reliability and efficiency with downright 
simplicity for all Hydro-Electrical installa- 
tions, and for Marine, Mining, Paper- 
Making Machinery and other requirements. 


MICHELL BEARINGS LTD. 


SOUTH BENWALL NEWCASTLE UPON TYNE 5 
Telephone 34279 Telegrams : MICHBEARO, NEWCASTLE 




































PATENTED 
OSSBERGER 
WATER TURBINES | 


Specially suitable for econo- | | 
mical utilization of fluctuating 
waters | 
















Range of application 

for heads: 1-100 m 

Water supply: 

10-4000 litres/sec. 

Output: up to 300 HP. per unit 


Supply of 
complete 
small-sized 
hydro-electric 
power 

plants 


OSSBERGER - TURBINENFABRIK 


WEISENBURG IN BAVARIA - TELEPHONE 2362 











THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation, and 


Railway News. Weekly 2s. Annually £5 by post. 
DIESEL RAILWAY TRACTION 

A monthly review of world-wide developments in diesel-engine 

design and diesel railway trecticn. 

Monthly 2s. 6d. Annually 35s. by post. 

SHIPBUILDING AND SHIPPING RECORD 

A iournal of Shipbuilding, Marine Engineering, Docks Harbours, and 

Shipping. Weekly 2s. Annually £5 by post. 
NEW COMMONWEALTH 

Describes and illustrates significant develo »ments in production, 

trade, transportation, and related spheres in all countries of the 

Commonwealth. Monthly 2s. 6d. Annually £2 by post. 
COLLIERY ENGINEERING 

A practical journal for Colliery Managers and Engineers, and 

manufacturers of Colliery Equipment. 


Monthly 2s. 6d. Annually £2 by post. 
COKE AND GAS 


A technical journal dealing with the scientific and technical pro- 

hlems involved in the production of coke and gas in coke ovens 

wad gasworks. Monthly 2s. 6d. Annually 35s. by post 
THE INOUSTRIAL CHEMIST 

A iournal devoted to the progress of applied Chemistry and 

Engineering. Monthly 2s. 6d. Annually £2 by post. 
ARCHITECTURE AND BUILDING 

A practical iournal devoted to Architecture and Building Practice. 

Monthly 2s. 6d. Annua'ly 35s. by post. 

wood 


A practical journal, authoritetively written, superbly illustrated, 

dealing with the growth, marketing, and use of wood in all its 

forms. Monthly 2s. 6d. Annually 35s. by post. 
FOOD 

A journal devoted to the manufacture, packaging, and marketing of 

processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 
WATER POWER 

A technical journal devoted to the study of all aspects of Hydro- 

Electric Development. Monthly 2s. 6d. Annually £2 by post. 
THE RAILWAY MAGAZINE 

A popular megazine containing illustrated articles on Railways and 

Locomotives Monthly 2s. 6d. Annually 35s. by post. 
MINE AND QUARRY ENGINEERING 

Articles of technical nature cover geology, mocern methods o' 

prospecting, che winning of ore and stone, the dressing of ore and 

minerals, and extraction metallurgy. 

Monthly 2s. 6d. Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.! 
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For all accurate 
measurements 


® Catchment Recording 
and Flood Control 


a 


Irrigation 


Sewerage Schemes 





Hydro-Electric Schemes 





Photograph by permission of the 
New Zealand Ministry of Works 


Tidal Current Determinations 


use WATTS WATER CURRENT METERS 


Booklet CS 37/a60 gives details i 
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HYDRAULIC GATES 


Sluice - Radial - Dock - Spillway - Deep Level 
ENGINEERED AND BUILT IN CANADA 


Ardelt Flood Gates at Ardelt Radial Gates 
Guelph, Ontario, Canada. at Cat Falls, Ontario, Canada. 
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ARDELT INDUSTRIES OF CANADA LIMITED 


HEAD OFFICE AND WORKS: BOX 242, KITCHENER, ONTARIO, CANADA 
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Quality predominates: The above picture shows a 
runner hub for kaplan turbine 
in the machining shop 


For Hydraulic Power Plant we specialise in large and complicated 


castings and forgings in carbon and alloy steels 


Our production programme includes: Runners for impulse and Francis turbines, up to the largest 
dimensions, in plain carbon or 13 per cent chromium cast steel; kaplan runner blades and runner 
hubs, spiral casings, stay rings, regulating rings, guide vanes, etc., spherical valve housings, valve 
bodies, butterfly valve discs and housings, annular valve housings; single and double pump wheels, 
also in 13 per cent chromium cast steel, up to the largest dimensions; guide wheels, suction 
bends, etc. Forged steel shafts for pumps and turbines. 





You are invited to submit your enquiries. We shall reply without any obligation for you. 


. i Our BV Vacuum Steel 
WAeHt, L is specially suited for 
$s highly stressed parts 


fir GuBstahlfabrikation AG. BOCHUM 
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Postbox 325, Bochum (Germany) - Telephone 69021, Telegrams: gusstahl - Telex: gusstahl 0825831 
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For the World’s 
largest pumped 
storage scheme 


FOUR 75,000 KW GENERATORS/MOTORS 


Consulting Engineers: Messrs. Freeman, Fox and Partners, and Messrs. 
Kennedy and Donkin. 


At the C.E.G.B.’s hydro-electric station at Blaenau Ffestiniog, Merioneth, 
machines supplied by AEI will perform double duty as generators and 
motors. . 

By day, water turbines fed from the upper reservoir will drive the A E I 
machines as generators supplying electricity to the Grid to meet peak loads. 
After passing through the turbines, the water will be stored in the lower 
reservoir. 

At night, when the capacity of the Grid exceeds the demand, the AE I 
machines will operate as motors driving pumps to return the stored water 
to the upper reservoir for further use during the next peak load period. 
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HEAVY PLANT DIVISION 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
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